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ADVERTISEMENT 


To 


THE SIXTH EDITION. 





To THE PRESENT EDITION three coloured plates and twenty-five 
illustrations have been added ; of which twenty-one are entirely new, 
and the others are substituted for former ones. 


‘The additions to the text amount to thirty pages. In making 
these additions, while the wants of the general reader have been 
attended to, the principal aim has been, as in former editions, 
to render the book more useful for the student of Physical Science. 
Accordingly, as regards new matter, the main additions have been in 
those subjects which are calculated to take a permanent place in 
elementary instruction. 

I take this opportunity of expressing my obligation to Dr. 
Marts, of Christ's College, Cambridge, for having revised, and in 
gteat measure rewritten, those parts of the, present edition which 
refer to Physiological Electricity. 


STAFF COLLEGE: June 1873. 


TRANSLATOR’S PREFACE 


To 


THE FIRST EDITION. 





Tue Eléments de Physique of Professor Ganor, of which the present 
work is a translation, has acquired a high reputation as an Intro- 
duction to Physical Science. In France it has passed through Nine 
large editions in little more than as many years, and it has been 
translated into German and Spanish. 

This reputation it doubtless owes to the clearness and conciseness 
with which the principal physical laws and phenomena are explained, 
to its methodical arrangement, and to the excellence of its illustra- 
tions. In undertaking a translation, I was influenced by the favour- 
able opinion which a previous use of it in teaching had enabled me 
to form. ¢ 

I found that its principal defect consisted in its too close adapta- 
tion to the French systems of instruction, and accordingly, my chief 
labour, beyond that of mere translation, has been expended in 
making such alterations and additions as might render it more useful 
to the English student. 

I have retained throughout the use of the centigrade thermometer, 
and in some cases have expressed the smaller linear measures on the 
metrical system. These systems are now everywhere gaining ground, 
and an apology is scarcely needed for an innovation which may help 
to familiarise the English student with their use in the perusal of the 
larger and more complete works on Physical Science to which this 
work may serve as an introduction. 


E. ATKINSON. 


Royal MILitary CoLtece, SANDHURST. 
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pen sri jous physical p) 
‘Thomson has calculated that in pals solids and Tigutds the average 
distance between contiguous molecules is less than the hundred millionth 
and greater than the two thousand millionth of a centimétre. 

To give an idea of the degree of the size of the molecules Sir Wy 
Thomson gives this illustration ; ‘Imagine a drop of rain, or 8 glass sphere 
the size of a pea, magnified to the size of the earth, the molecules in |t 
being increased in the same proportion, ‘The structure of themass would | 
then be coarser than that of a heap of fine shot, but probably not so coarse 
‘as that of a heap of cricket-balls.’ 

4. Molecular state of podies.—With respect to the molecules of 
bodies three difierent states of aggregation present themselves. 

First, the solid state, as observed in woods, stones, metals, etc., at the 
onlinary temperature, ‘The distinctive character of this state is, that the 
relative positions of the molecules of the bodies cannot be changed with= 
put the expenditure of more or less force. As a consequence, solid bodes 
tend to retain whatever form may have been given to them by nature | 

or by art. 

Seconitly, the liguédd state, as observed in water, alcohol, oil, etc. Heel] 
the relative position of the molecules is no fonger permanent, the mole= 
cules glide past each other with the greatest ease, and the body assumes 
ipaicreatiece the form of any vesea | in hte it may be placed, 

Thirdly, the gascows state, 2s lity 
molecules is still grester than in Tiquids : in the distinctive character of 
A gas is ils incessant struggle to occupy a greater volume, ot the tendency | 
‘of its molecules to recede from each other, 

The general term fuei is applied to both liquids and gases. 

We shall see in the sequel that the state of a body depends upon the 
relations which exist between its molecular attractions and. repuilsions, 
and that for one and the same body these relations vary with the temp 
rature, On this account most simple bodies, and many compound on 
may be made to pass successively through all the three states. Wi 
‘presents the most familiar example of this. 

5. Physical phenomena, laws, and theorles.—Every change wh 
can happen to a body, mere alteration of its chemical constitution b 
excepted, may be regarded as a physiaal phenomenon. The fall of © 
stone, the vibration of a string, and the sound which accompanies ir, the 
sppling of the surface of a lake, and the freezing of water, are examples of 

ena. | 

NA pail law is the constant relation which exists between any p 
nomenon and its cause, As an example, we have the phenomenon of U 
diminution of the volume of a gas by the application of pressure ; 
corresponding law has been determined, and is expressed by saying that 
‘the volume of a gns is inversely proportional to the pressure, 

In order to explain whole classes of phenomena suppositions or Aypae 
theres are made use of: the utility and probability of an hypothesis 
theory is the greater the simpler it is, and the more varied and numero 
are the phenomena which are explained by it; that is to say, are bro 
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‘space. 

Suictly speaking, this property applies only to the atoms of a body. 
In many phenomena bodies appear to penetrate each other; chus, the 
‘volume of a compound body is always less than the sum of the volumes of | 
its constituents; for instance, the volume of a mixture of water and sul: 
phuric acid, or of water and alcohol, is less than the sum of the yolumes: 
before mixture, In all these cases, however, the penetration is merely | 
apparent, and arises from the fact that in every body there are interstices 
or spaces unoccupied by matter. 

 Bxtension.—Lxtension or magnitwde is the property in virtue of 
which every body occupies a limited portion of space. 

‘Many instraments have been invented for measuring Hinear extension | 
or lengths with great precision, Two of these, the vernicr and micro~ 
meter screw, on account of their great utility, deserve to be here men- 
tioned. 

10, ‘Vernter,—The vermier forms a necessary part of all instruments 
awhere lengths or angles have to be estimated with precision ; it derives 
its name from its inventor, a French mathematician, who died in 1657, 
and consists essentially of a short graduated scale, a, which is made to 
































Fig. | 


slide along a fixed scale, AB, so that the graduations of both may be coms | 
pared with each other, The fixed scale, AB, being divided into equal 
parts, the whole length of the vernier, a4, may be taken equal to nine 
of those parts, and itself divided into ten equal parts, Each of the | 

of the vernier, ad, will then be less than a part of the scale by one | 
tenth of, the latter. 

This granted, in order to measure the length of any object, mm, Tet ws 
suppose that the latter, when placed as in the figure, has a length greater | 
than four but less than five parts of the fixed scale. In order to determing 
‘by what fraction of a part sm exceeds four, one of the ends, a, of the 
vernier, aé, is placed in contact with one extremity of the object, wor, and 
the division on the vernier is sought which coincides with a division on | 
the scale, AB. In the figure this coincidence occurs at the eighth 
division of the vernier, counting from the extremity, #, and indicates that 
the fraction to be measured is equal to ths of a part of the scale, AB. In 
fact, each of the parts of the vernier being less than a part of the seale by | 
{uth of the latter, it is clear that on proceeding towards the left from the | 
Point of coincidence, the divisions of the vernier are respectively one, two, 
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If blood runs in the veins of these devoured ones, how infinitesimal must 
be the magnitude of its component globules | 
| Has then the divisibility of matter no limit? Although experiment 
faile to detormine such limit, many facts in chemistry, such as the in 
{ variability in the relative weights of the elements which combine with 
each other, would lead us to believe thata limit does exist. Tk is on this 
« ficcount that bodies are conceived to be composed of extremely minute 
| and indivisible parts called afoms (3), 
13. Porosity.—Porosity is the quality in virtue of which interstices or 
‘ores exist between the molecules of a body. 

Two kinds of pores may be distine 
guished : pAysical pores, where the inter 
atices are so small that the surrounding 
molecules remain within the sphere of 
each other's attracting or repelling forces: 
and sexribve pores, or actual eavities actoss 
which these molecular forces cannot act. 
‘The contractions and dilatations resulting 
from variations of temperature are due to 
the existence of physical pores, whilst in 
the organic world the sensible pores aro 
the scat of the phenomena of exhalation 
and absorption. 

In wood, sponge, and a great number 
of stones, for instance, pumice stone, the 
sensible pores are apparent; physical 
pores never are, Yet, since the volume 
‘of every body may be diminished, we 
conclude that all possess physical pores. 

‘The existence of sensible pores may be 
shown by the following experiment =A 
long glass tube, A (fig. 2), is provided with 
a brass cup, m, at the top, and a brass 
foot made to screw on to the plate of an 
air-pump. The bottom of the cup con: 
sists of a thick piece of leather. After 
pouring mercury into the cup so as 
entirely to cover the leather, the air 
pump is put in action, and a partial 
vacuum produced within the tube By 
$0 doing a shower of mercury is at once produced within the tube, for 
the atmospheric pressure on the mercury forces that liquid through the 
pores of the leather. In the same manner water or mercury may be 
forced through the pores of wood, by replacing the leather in the above 
‘experiment by a dise of wood cut perpendicular to the fibres. 

When a piece of challe is thrown into water, air-bubbles at once rise to 
the surface, in consequence of the air in the pores of the challe being ex: 
pelled by the water. The chalk will be found to be heavice after immer- 
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Se a ates pal face ihe ikest 
form or volume ceases to act. Elasticity may be developed in bodies by 
Pressure, by traction or — ee eee 


ty, 
developed by pressure alone ‘consideration; the other kinds of 
ope being peculiar to sof Bodie, will be considered amongst their 


when the pressure becomes what it Silly was, Solid bodies present: 
different degrees of elasticity, though none present the property in the 
same perfection as liquids and gases, and in all it varies according to the 
time during which the body has been exposed to pressure. Caonichou 
ivory, glass, and ae considerable elasticity ; lead, clay, 

fa 


There is 3 Timit to the elasticity of solids, beyond which they either 
break or are incapable of regaining their original form and volume. This. 
Ss called: the dmét of elasticity. In sprains, for instance, the elasticity of 
the tendons has been exceeded. [n gases and liquids, on the contrary, 
no such limit can be reached ; they always regain thelr original volume. 

Ifa ball of ivory, glass, or marble, be allowed to fall upon a slab of po- | 
lished marble, which has been previously slightly smeared with oil, It will 
rebound and rise to a height nearly equal to that from which it fell. 
‘On afterwards examining the ball a circular blot of oil will be found upam 
it, more or less extensive according to the height of the fall. From thig 
we conclude that at the moment of the shock the ball was flattened, and. 
that its rebound was caused by the effort to regain its original form, 

18. Mobility, motion, reat.—.!fodility |s the property in virtue of 
which the position of a body in space may be changed. 

Motion and rest may be either relative or absolute. By the relative 
motion or rest of a body we mean its change or permanence of position 
with respect to surrounding bodies; by its alsolute motion or rent we 
mean the change or permanence of its position with respect to ideal fixed, 
points in space. 

‘Thus a passenger in a railway carriage may be in a state of relative 
rest with respect to the train in which he travels, but he is in a state of 
relative motion with respect to the abjects,fsuch a8 trees, houses, ete, 
past which the train rushes, ‘These houses again enjoy merely a stato of 
relative rest, for the earth itself which bears them is in a state of inces- 
sant relative motion with respect to the celestial bodies of our solar 
system, inasmuch as it moves at the rate of more than eighteen miles 
in a second, In short, absolute motion and rest are unknown to us 
in nature, relative motion and rest are alone presented to our observation. 

19. Inertias—/nertia is a purely negative property of matter ; it is the 
incapability of matter to change its own state of motion or rest. 

A body when unsupported in mid-air does not fall to the earth in virue 
of any inherent property, but because it is acted upon by the force of 
gravity. A billiard ball gently pushed does not move more and more 
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solume, which is space of three dimensions, In England the standard of 
length is che British Imperial Yard, which is the distance between two 
points on acestain metal rod, kept in the Tower of London, when the 
temperature of the whole rad is 60° F.=15*"5.C. It is, however, usual 20” 
‘employ 8 a unit, a foot, which is the third part of a yard. In France the 
| standard of length is the mire; this is approximately equal to the ten 

millionth part of a quadrant of the carth’s meridian, that is of the aré 
| from the Equator to thenorth pole; it is practically fixed by the distance 

between two marks on a certain standard rod. The relation between | 

these standards is as follows = 
| Tyard =0°914383 metre, 
Fmétye = 11093633 yard. 


The unit of length having been fixed, the units of area and volume aré | 
connected with it thus : the weit of area is the area of a square, one side | 
of which is the unit of length, ‘The wnt of volume is the volume of a 
cube, one edge of which is the unit of length. These units in the case of | 
English measures are the square yard (or foot) and the cubic yard (or 
foot) respectively; in the case of French measures, the square métre and | 
cubie mitre respectively, 

25. Measure of 3tnss.—Two bodies are said to have equal! masses 
when, if placed in a perfect balance éw zacuo, they counterpolse each | 
other. Suppose we take lumps of any substance, lead, butter, wood | 
stomie, etc.,and suppose that any of them when placed on one pan of. a | 
balance will exactly counterpoise any other of them when placed on the | 
opposite pan—the balance being perfect and the weighing performed ém 










waewo; this being the case, these lumps are said to have equal masses, 
‘That these lumps differ in many respects from each other is plain enough; 
in what respects they have the same properties in virtue of the equality: 
of their masses is to be ascertained by subsequent enquiry. 

The British unit of mass is the standard pound (avoirdupois), which | 
isa certain piece of platinum kept in the Exchequer Office in London 
‘This unit having been fixed, the mass of a given substance Is expressed 
as a multiple or submultiple of the unit. 

It need scarcely be mentioned that many distances are ascertained 
expressed in yards which it would be physically impossible to measuy 
directly by a yard measure. In like manner the masses of bodies ane 
froquently ascertained and expressed numerically which could not be 
placed in a balance and subjected to direct weighing. | 

24. Density and Relative Density.—If we consider any body OF 
portion of matter, and if we conceive it to be divided into any number of 
parts having equal volumes, then, if the masses of these parts are-equal, | 
in whatever way the division be conceived as taking place, that body is | 
one of wuiform dexsity. The density of such a body is the mass of the) 

{anit of volwne, Consequently if M denote the mass, V the volume, and) 
D the density ef the body, we have 
MeVD. 


ba | 








y ‘ t 


‘© point on the equator in its rotation about the carth’s axis 1520; a Mar 

i-Henry rifle bullet 1330; a shot from an Armstrong gun 1180; the 

centre of the earth 101000 ; samcand also electricity in a medium desti- 
tute of resistance 192000 miles. 

Vase relocky measured at any instant by the numberof units of 

space a body would describe if it continued to move uniformly from that 
tear for a unit of time. Thus, suppose a body to mun down an inclined 
plane, it is a matter of ordinary observation that it moves more and more 
quickly during its descent; suppose that at any point it hasa velocity” 
15, this means that at that point it is moving at the rate of 15 ft per 
second, of, in other words, if from that point all increase of velocity 
eeased, it would deseribs 15 ft. in the next second. 

26. Ferce.—When a material point {s at rest,it has no innate power of 
changing is in motion it has no innate power 
Of changing its state of uniform motion in a straight line. ‘This property, 
of matter is termed its feria (19). Any cause which sets a point in 


a force. Gravity, friction, elasticity of springs 

trical or may netic attraction ox repulsion, etc. are yas All changes 
observed in the motion of bodies ean be referred to the action ef one oF 
‘more forces. 

27. Mecelerative effect of force.—If we suppose a force to con~ 
tinue unchanged in magnitude, and to act along the line of motion of a 
point, it will communicate in each successive second a constant 
‘af velocity. This constant increase is the accelerative effect of the fiuree. 
‘Thus, ifat any givon instant the body has a velocity 10, and if attheend 
of the first, second, third, etc.. second from that instant ity velocity is 
15, 16, 19, etc., the accelerative effect of the force a fact which is 
pueees by saying that the body has been acted on by an accelerating 


ot the force vary from instant to instant its accelerative effect will alsa | 
vary; when this is the case the accclerative effect at any instant is meae 
sured by the velocity it would communicate in a second if the foree 
<ontinued constant from that instant. 

By means of an experiment to be described below (74) it can be shown: 
that at any given place the accelerative effect of gravity g is constaiihig 
bur it is found to have different values at different places; adopting the 
‘units of feet and seconds it is found that very approximately 


E>J (1008256 cos 29) 





at a station whose latitude is ¢, where / denotes the number 324724. 

28, Momontum or quantity of motion is 2 magnitude varying as the 
mass of a body and its velocity jointly, and therefore is expressed nume= 
rically by the product of the number of anits of mass which it contains 
and the number of units of velocity in its motion. ‘Thus a body containing 
§ Ibs, of matter, and moving at the rate of 12 ft. per second, has 2 momene 
tum of bo. 


29. Measure of force.—Force, when constant, is measured by the 


| 





complete ; the line ON is drawn from O in a given direction OA, 


contains a given number of units P, just as the force acts on O in the 
direction OA, and contains a given nember of units P. It is scarcely 
necessary to add, that if an equal force were to act on O in the oppo 
direction, it would be said to act in the direction OB, and would be re 
presented by OM, equal in magnitude to ON, 

‘When we are considering several forces acting along the same line we 
may Indicate their directions by the positive and negative signs. Tht 
“the forces mentioned above would be denoted by the symbols +P 
—P respectively. 

3). Forces acting along the same line,—{f forces act on the point 
i" Qin the direction OA cqual to P and Q units respectively, they are | 
equivalent to a single force R containing as many units as P and 
iygether, that is, 







R-P+Q 


If the sign + in the above equation denote alyebraical addition, the equation 
will continue true whether one or both of the forces act along OA or OB | 
Tris plain thar the same rule can be extended to any number of forces, 
and if several forces have the same line of action they are equivalent to) 
one force containing the same number of units as their afgedratcad sum, 
‘Thus if forces of 3 and 4 units act on 0 In the direction OA, and a force 
of 8 in the direction OB, they are equivalent to a single force containing | 
R units given by the equation 


Reg+4—8==1; 





that is, R is a force containing one unit acting along OB. This force R) 
{s called their resultant. 1f the forces are}in equilibrium R ts equal te 
zero, In this case the forces have equal tendencies to move the point 
in opposite directions, | 
32 Resultant and components.—In the lust article we saw that a) 
Single force R could be found equivalent to several others ; this is by:no | 
means peculiar to the case in which all the forces have 
the same line of action; in fact, when a material |) 
point, A (fig. 4), remains in equilibrium under the 
action of several forces, S, PF, Q, it does s0 because 
any one of the forces, a: 
N the combined effects of all the others. If the force S, 
\ therefore, had its direction reversed, so as 10 act along 
\ AR, the prolongation of AS, it would produce the | 
same effect as the system of forces P,Q. 
Now, a force whose effect is equivalent to the coms 
a ‘ bined effects of several other forces is called their re 
4 sultant, and with respect to this resultant, the other 
Pigs forces are termed components. 
When the forces, P, Q,act ona point they can only have one resultant ; 
but any single force can be resolved into components in an indefinite | 
umber of waya. 
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thread AL. from which hangs a weight Ry 
let the three weights come to rest in the 
positions shown in the figure. Now the point 


viz, P from A to H, Q from A to K, and R 
from A to L, consequently, any one of them | 
must be equal and to the resultant 
of the other two. Now if we suppose the 
Apparatus to be arranged immediately in front of a large slare, we can 
draw lines upon it coinciding with AH, AK, and AL. If now we men= 
sure off along AH the part AH containing as many inches as P.containg 
pounds, and along AK the part AC containing as many inches as Q com= 
tains poundyand complete the parallelogram ABCD, it will be found 
that the diagonal AD is in the same line as AL, and contains as many 
inches as R weighs pounds. Consequently, the resultant of P and Qig- 
represented by AD, Of course, any other units of length and force mi; 
have been employed. Now it will be found that when P, Q, and R 
are changed in any way whatever consistent with equilibrium, the same 
construction can be made,—the point A will have different positions in 
the different cases ; but when equilibrium is established, and the paral. 
eIclogram ABCD is constructed, 11 will be found that AD is vertical, and 
‘contains as many units of length as R contdins units of force, and conse 
quently it represents a force equal and opposite ta K, that is, it represents 
the resultant of P and Q, 
34. Memutant of any number of forces acting im one plane om 
& point.—Let the forces, P,Q, R, S (fig. 8) act on the point A, and let 
them be represented by the lines AB, AC, AD, 
AE, as shown in the figure. First, complete thi 
parallelogram ABFC and join AF; this line 
represcnts the resultant of Pand Q, Srcomddyy 
complete the parallelogram AFGD and join 
AG; this ine represents the resultant of P,Q, Re 
Thirdly, complete the parallelogram AGHE 
and join AH ; this line represents the resultant 
of P,O,R,S, Tt is manifest that the construc: 
tion can be extended to any number of forces 
A little consideration will show that the ling 
AH might be dotermined by the following: 
tthrough B draw BE parallel to, equal to, and towards 
the same part as AC; through F draw FG paralle! to, equal to, and towards 
the same partas AD ; through G draw GH parallel to, equal to, and towards 
the same part as AE ; join AH, then AH represents the required resultant, 
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‘the five forces will equal zero, since thc broken line ABFGHA returns: 
‘A. This construction is plainly equivalent to the follo 
Q, R (fig. 10) be forces acting on the point O, as indicated, th 
directions being given. Itis known that they are 
by a fourth force, S, and it is required to determine the magnitude 
direction of S. Take any point D, and draw any line parallel to 
towards the same part as OP, draw AB parallel to and towards the 
parts a3 OQ, and take AB such that P: Q :: DA: AB, Through Bd 
ce towards the same part as OR, taking BC such th 
Q:K :: AB: BC; jomCD; through O draw OS parallel to and to 
the same part as CD, then the required force S acts along OS, and is cy 
‘magnitude proportional to CD, 


Ky Vi 


Tt is to be observed that this construction can be extended to 
number of forces, and will apply to the ease in which these directions a1 
not in one plane, only in this case the broken line ABCD would not 
wholly in one plane, The above construction is frequently called the 
Polygon of Forces. 

‘The case of three forces acting on a point is, of course, included in 
above; but iis importance is such that we may give a separate staten 
of it. Let P, Q, R (fig. 11) be three forces in equilibrium on the point Os 
From any point B draw BC parallel to and towards the same part OP, 
from C draw CA parallel to and towards the same part as OQ, and tak 
CA such that PB: Qt: BC: CA; then, on joining AB, the third force 
miuust act along OR parallel to and towards the same part as AB, and 
be proportional in magnitude to AB. This construction is frequently 
called the Triangle of Forces, t is evident that while the sides of the 
triangle are severally proportional to P, Q, R, the angles A, B,C am 
supplementary to QOR, ROP, POQ respectively, consequently e 
trigonometrical relation existing between the sides and angles of ABI 
will equally exist between the forces P, Q, R, and the supplements of he! 
angles between their directions. Thus inthe triangle ABC it is known thi 
the sides are proportional to the sines of the opposite angles ; now since) 
the sines'of the angles are equal to the sines of their supplements, we at) 
once conclude that when three forces are tu equiltbrinm, cack is. 
tional to the sive of the angle between the directions of the other tuo, 


. 








TL. When two. Leen tee Pand 
act tawards contrary’ at rigidly: 
nected points A and B of which P is 
greater, their resultant is a parallel 
acting towards the same part as P, 
to the excess of P over Q, and its di 
tion divides BA produced in a point 
such that CA and CB are inversely pro- 
portional to P and Q, 

In each of the above cases if we 
to apply R ar the point C, in opposite: 
direction to those shown in the figure, 
would plainly (by the above theore 
balance P and Q, and therefore when 
acts as shown in figs. #3 and 19 it is 
resultant of P and Q in those cases Te=) 
spectively. It will of course follow that) 
the force R acting at C can be resolved) 

, tee eel Sagat A ae 

Figs 4 ively. 

Ifthe second of the above theorems be examined, !t will be found thi 
no force R exists equivalent to P and Q when those forces are ei 
Two such forces constitute a couple, which may be defined to be 
equal parallel forces acting towards contrary parts; they possess 
renjarkable property that they are incapable of being balanced by 
single force whatsocver. 

In the case of more than two parallel forces the resultant of any 
can be found, then of that and a third, and so on to any number; it eam 
be shown that however great the number of forces they will either be i 
equilibrium or reduce to a single resultant or to a couple, 

37: Centre of paratiel foroes.—On referring to figs. 13 and 14, it wi 
be remarked that if we concelve the points A and IJ to be fixed in the 
directions AP and BQ of the forces P and Q, and if we suppose t 
directions to be turned round A and B, so as to continue parallel and 
make any given angles with their original directions, then the directi 
of their resultant will contiuue to pass through C; that point is therefore 
called she centre of the parallel forces P and Q. 

1t appears from investigation, that whenever a system of parallel fe 
reduces to a single resultant, those forces will have a centre; that is 
say, iffwe conceive each of the forces to act at a fixed point, there will ber 
a point through which the direction of their resultant will pass when 
directions of the forces are turned through any equal angles round theif! 
points of application in such a manner as to retain the parallelism off 
their directions. 

‘The most familiar example of a centre of parallel forces is the case 
which the forces are the weights of the parts of a body ; in this case the 
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forces all acting towards the same part will have a resultant, viz. their 
‘sum ; and their centre is called the centre of gravity of the body. 

38 Moments of forces.—Let P denote any force acting from B to P, 
take A any point, let fall AN a perpendicular from A on BP. The 
product of the number of units of force in P, and the number of units of 
length in AN is called the moment of P with respect to A. Since the 
force P can be represented by a straight line, the 
moment of P can be represented by an area. In fact, 4 
if BC is the line representing P, the moment is 
properly represented by twice the area of the triangle 
ABC. The perpendicular AN is sometimes called 

, the arm of the pressure. Now if a watch were placed 
with its face upward on the paper, the force P would ® N © P 
cause the arm AN to turn round A in the contrary Fig. 1s. 
direction to the hands of the watch. Under these circumstances, it is 
usual to consider the moment of P with respect to the point A to be” 
* positive. If P acted from C to B, it would turn NA in the same direction 
as the hands of the watch, and now its moment is reckoned neyative. 

‘The following remarkable relation exists between any forces acting in 
one plane on a body and their resultant. Take the moments of the forces 
and of their resultant with respect to any one point in the plane. Then 
the moment of the resultant equals the sum of the moments of the several 
forces, regard being had to the signs of the moments. 

If the point about which the moments are measured be taken in the 
direction of the resultant, its moment with respect to that point will be 
ao; and consequently the sum of the moments with respect to such 
point will be zero. 

39. Mquality of Action and Reaction.— We will procced to exemplify 
some of the principles now laid down by investigating the conditions of 
equilibrium of bodies in a few simple cases ; but before doing so we must 
notice a law which holds good whenever a mutual action is called into 
Play between two bodies. Reaction is always equal and contrary to 
action: that is to say, the mutual actions of two bodies on each other are 
always forces equal in amount and opposite in direction. This law is per- 
fectly general, and is equally truc when the bodies are in motion as well 
as when they are at rest. A very instructive example of this law has 
already been given (33), in which the action on the spring, CI) (fig. 6) is 
the weight W transmitted by the spring to C, and balanced by the re- 
action of the ground transmitted from B to D. Under these circum- 
stances, the spring is said to be stretched by a force W. If the spring 
were removed, and the thread were continuous from A to B, it is clear that 
any part of it is stretched by two equal forces, viz. an action and reaction, 
tach equal to W, and the thread is said to sustain a tension W. Whena 
body is urged along a smooth surface, the mutual action can only take 
place along the common perpendicular at the point of contact. If, how- 
ever, the bodies are rough, this restriction is partially removed, and now 
the mutual action can take place in any direction not making an angle 
eater than some determinate angle with the common perpendicular. 





a 


‘This determinate angle 
ae ee angle of resistance, sometimes the 


ye ‘Fhe lover is & name given rer straight or curved, AB, 
‘on fixed point or edge « enlled # 
rum, ‘The forces acting on the 
are the weight or resistance Q, the 
P, and the reaction of the ful 
Since these are in equilibrium, the 
sultant of P and Q must act through € 
for otherwise they could not be balancs 
bythe reaction. Draw cb at right 
to QB and ca to PA produced; then 
serving that Px, and Qx ed are th 
moments af -P and Q with respect to’ 
and that they have contrary signs, 
have by (38), 
Prea-Qx od; 
oe an equation commonly expressed by 
1 rule, that i the lever the power é fo 
tt the inverse ratio of their 
Lovers are divided into three kinds, according to the position of 
fulcrum with respect to the points of application of the power and 
weight. Ina fever of the sirst hind the fulcrum is between the power, 
respstance,as in fig. 16. Ina deter of the second &ind the resistance 
between the power and the fulcrum, as in a wheelbarrow or a pair of 
crackers; in a lever of the third dind the power is between the u 
and the resistance, as in # pair of tongs or the treadle of a lathe, 
‘The single puliey.—in the case of the single fixed pulley, sha 
in fig. follows at once from (33) that when the forces P and 
in equilibrium they will be equal, the axle of the pulley pe 
perfectly smooth and the thread 
fiexible. The same conclusion foll 
directly fom the principle of momer 
for the resultant of P and Q must p 
through C, or otherwise they would 
the pulley to tum; now thelr the 
are respectively P « CM and Q « 
and since these have opposite signs 
have (38) 
PxCMnQxCN, 
Te Fig. But CM and CN being equaly 
equation shows that P and @ 
equal. In the case of the single moveable pulley, shown in Be. 18, 
have one end of the rope fastened to a point A ina beam, pull 
is Consequently supported by two forces, viz. P and the ern, of a 
fixed point which is equal to P; these two forces support Q and t 
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* the pulley w. In the case represented in the figure the parts 
ve are parallel,-consequently (36) 
2P=Qew. 
veral pulleys are united into one machine, they constitute a 
! pulleys; such are—the Block and Tackle, the Barton, White's 
te 
,e inclined plane.—A very instructive and useful application of 
ution of forces is to be found in the case of a body supported on 
ed plane. Let AB (fig. 19) be the plane, AC its base, and BC its 
let a body M considered as a point, y 
ass is M and weight Mg or Q, be sup- 
vit by a force P acting along MB, The 
supposed to be smooth, and therefore 
‘M with a force R at right angles to AB, 
) at right angles to AB, then the point : 
Jat rest by forces P, Q, R, whose direc- Fig. 19 
severally parallel to the sides of the triangle DBC- which is 
>CBA. Hence 
P:R:Q::BD :DC:CB::BC :CA:AB; 
“BC =AB sin A and CA=AB cos A, 
PQ sin A and R=Q cos A. 


me fact may be stated in this form :—When a mass M is placed 
lined plane, its pressure on the plane is Mg cos A and its force 
plane is Mg sin A. In the above case these forces are balanced 
R respectively. 
suppose BC and CA to be 9 ft. and 12 ft., respectively, then AB 
115 ft. Consequently, if the weight of Q is 360 Ibs. it produces 
lane a perpendicular pressure of 288 Ibs., and requires for its 
«force of 216 Ibs. acting up the plane. 
we wedge.—This instrument is nothing but a moveable inclined 
tis used in several forms, of which the annexed is, perhaps, the 
showing the action of the forces called into play. AB is a fixed 
.CDE is a piece which is prevented from moving in a lateral 
by a fixed guide F, ABC is a wedge whose angle is such that 
faces is in contact with a face of ACDE as shown in the figure. 
ng forced forward by P, overcomes the resistance Q acting on 
The various forces called into play are 
ed in the diagram, namely, P, Q, the re- 
the table S, the mutual action between 
sR, R, and the reaction T of the guide 
will suppose the angles B, D, E, and 
be right angles, and that P and Q act 
angles to DE and BC respectively. — 
+, since the surfaces in contact are 
3 acts in a direction at right angles to Fig. 30 
id R, to AC, and T to AE. Through 
3G at right angles to AC; then the body ABC being kept in, 
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equilitriam ripe hoes P, R, S, whose directions are 
parallel to the sides of the triangle DGC, we have 


P:R::DG:GC, 


‘The body ACDE being kept in equilibrium by three forces, T, Ry 
whose directions are respectively parallel to the side of the triangle D) 
we have 

R,:Q::GC:cp. 
Now R and R, are equal, being the mutual actions of the wo bodi 
ABC, ACDE ; therefore compounding the ratios, we have 

P:Q::DG:DC; 
or, by similar triangles, 

P:Q::CB:BA, 
a proportion equivalent to the equation 
PaQtana. 

44. Phe sorew—It will be remarked that when the wedge is used ag 
in the last article, Q cannot be many times greater than P, and also that 
the space through which P can lift Q is limited. The screw is merely al 
modification of the wedge by which the limits of its application in bod 
these respects are extended. To explain this, it may be observed that 
the thread of a screw were reduced 10 a line, it would become a ex 
called the Aeéx, running in whorls round the cylinder; the distan 
between any two consecutive turns measured parallel to the aais of i 
cylinder being constant, and called the Aitcd of the screw. Now if Al 
(fig. 20) were wrapped round 2 cylinder, whose dimensions were st 
that the base AB coincided with the circumnference of the base of 
cylinder, and the height BC with the pitch, the hypothenuse CA 
be brought into coincidence with one whorl of the helix. Under 
circumstances, the angle BAC (A) is called the inclination of the db 
and if r denote the radius of the base of the eylinder, & the pitch of th 
Screw, we shall have, since AB tan A equals BC (fg. 20), 

aertan A=A, 


Moreover, if ACDE were wrapped round the inside of a hollow cylindé 
or uf (Gig. 21) of equal radius it would take the form of a helix, oF ca 
panion screw cut on the inside of the nut; and if the screw were p 
within the nut the two helices would be in exact contact, If now We 
suppose the power to act at the end of an arm, we shall have transfo 

the wedge of fig. 20 into a screw, one end of which works on a fis 
table with a moveable nut, The annexed figure shows the arrany 

half the nut being removed in order tw show how the thread of the screw 
works within the groove of the companion. When the arm is turned if 
the direction indicated by P the point B will pass to B’, but as the nut i 
kept by the guides G, H from turning with the screw, it must now 

the point C-of the companion, and consequently the nut must be lif 
so that C comes to B’, Ifthe nut were fixed the screw would be dep 

by the same amount, when P acts as indicated, 


> 
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he screw were tuned by a force P’ acting tangentially to the base 
cylinder, it is plain that when all frictions are neglected the relation 
on P’and Q must be the same 
t between P and Q in the last 
, that is, 


PreQtanA 
2er P= Qh; 


" acting perpendicularly at the 
“an arm a will have (by equality 
ments) the same tendency as P” 
1 the screw, provided 


Pir= Pa, 


rerefore the relation between P 
+ is given by the equation 


2xa PaQh; 


2 power has to the resistance 
me ratio which the pitch of the 
has to the circumference of the 
described by the end of the arm ; 
ample, if # equal 1 inch, and a 
12 ft, a power of 100 Ibs. would 
ome a resistance not exceeding 
ribs. 

Friction.—In the cases of the actions of machines which have 
lescribed, the resistances which are offered to motion have not been 
considered. The surfaces of bodies in contact are never perfectly 
h; even the smoothest present inequalities which can neither be 
ed by the touch nor by ordinary sight; hence when one body moves 
he surface of another the elevations of one sink into the depressions 
other, like the teeth of wheels, and thus offer a certain resistance to 
a: this is what is called friction. It must be regarded as a force 
continually acts in opposition to actual or possible motion, 

tion is of two kinds : s/iding, as when one body glides over another ; 
cast when the two surfaces in contact remain the same as in the 
a of an axle in its bearing ; and rolling friction, which occurs when 
ody rolls over another, as in the case of an ordinary wheel. The 
is less than the former, for by the rolling the inequalities of one body 
ised over another. 

force which is required to overcome friction and which is briefly 
1 of as friction is proportional to the pressure of the two bodies 
teach other. That fraction of the pressure which is required to 
me friction is called the coefficient of friction. 

tion is independent of the extent of surfaces in contact, it is dimi- 
by polishing and by smearing, but is increased by heat. It is 
+ as a body passes from the state of rest to that of motion than 

c 











absorbed, Thus moistureand oil increase, while tallow, 
diminish, the friction of wooden surfuces, In the sliding 


Beeelingesrrcane tas eect srux fru to becras wage 
with oll it was 017, fat ortr, soap 0703, and with a mixture of fat 


saving of pawer to convert the latter into the former as is done in the | 
case of the castors of chairs and other furniti ‘On the other hand, i 
is sometimes useful to change rolling into sliding friction, as when d 
are placed on carriage wheels, 

Without friction on the ground, neither men nor animals, neither 
dinary carriages nor Bieerseciae could mave. Friction is nec 
for the transmission of power from one whecl to another by means 
Poul or ropes ; and without friction we could hold nothing in the han 

acoclerated rectilinear motion.—Let us suppose 

boy containing # units of mass to move from rest under the action of 
force, of F units, the body will move in the line of action of the fore 
and will acquire in each second an additional velocity / given by 
equation 
















Fam 
consequently, if » is its velocity at the end of # seconds, we have 
vast. 0 
‘To determine the space it will describe in # seconds, we may reason af 
follows :—The velocity at the time ¢ being /2, that at a time ¢+r willb 
Siter). Ifthe body moved uniformly during the time > with the forme 
‘Velocity it would describe a space s equal to fir, if with the latter velo 
4 space s, equal to /(f+r)r. Consequently, 
Sytenttrit 
therefore, when + is indefinitely small, the limiting values of + and &, 
equal. Now sinee the body's velod 
is continually fucreasing during the i 
IK the space actually described is g 
than s, and less than s But since 
limiting values of s and 3, are equal, 
limiting value of the space described Is 
same as that of s or In other word 
we suppose the whole time of the 
motion to be divided into any number @ 
equal parts, if we determine the velocity 
the body at the beginning of each of these parts, and if we ascer 
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s described on the supposition that the body moves uniformly 
ich portion of time, the limiting value of the sum of these 
ill be the space actually described by the body. Draw a 
and at A construct an angle CAB, whose tangent equals /; 
C into any number of equal parts in D, E, F,...and draw 
, RF,...BC at right angles to AC, then since PD=AD x/, 
xf, RF = AF x/, BC =AC x/etc., PD will represent the velocity 
dy at the end of the time represented by AD, and similarly QE, 
:, will represent the velocity at the end of the times AE.AF,... 
mplete the rectangles De, Ef, Fg... These rectangles represent 
2 described by the body on the above supposition during the 
hird, fourth,...portions of the time. Consequently, the space 
described during the time AC is the limit of the sum of the 
s; the limit being continually approached as the number of parts 
h AC is divided is continually increased. But this limit is the 
ve triangle ABC : that is AC x CB orfACx AC xf Therefore, 
resents the time ¢ during which the body describes a space s, 





sf, @) 
s equation can be written 
eal 
on comparing this with equation (1), that 
Paw (3) 


ate these equations, let us suppose the accelerative effect of the 
ve 6, that is to say, that in virtue of the action of the force, the 
tires in each successive second an additional velocity of 6 ft. per 
nd let it be asked what, on the supposition of the body moving 
, will be the velocity acquired and the space described at the 
! seconds; equations 1 and 2 enable us to answer that at that 
will be moving at the rate of 72 ft. per second and*will have 
432 ft. 
lowing important result follows from equation 2, At the end 
t, second, third, fourth, etc. second of the motion the body will 
scribed 4f4/x4, 4/x9, 47% 16, etc., ft, and consequently 
€ first, second, third, fourth, etc. second of the motion will have 
Hf 4/3, 4/5, 4/7, etc. ft, namely, spaces in arithmetical 
om 
ssults of the above article can be stated in the form of laws 
to the state of a body moving from a state of rest :— 
jocities are proportional to the times during which the motion 








* spaces described are proportional to the squares of the times 
in their description, 

‘e spaces described are proportional to the squares of the velocities 
luring their description. 

+ spaces described in equal successive periods of time increase by 
quantity. 
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Instead of supposing the body to to move from a state of 
may suppose it to have an initial Vy in the direction of the 
In this case equations t, 2, and 3 can be easily shown to take the follos 
ing forms respectively — 


veVaf 
se Vise 
eV 4 OSs. 

If the body move in a direction opposite to that of the force, f must be 
reckoned nogative. 

‘The laws stated in the present article apply directly to the case of a 
ody falling freely Zw corcwo, In this case the force causing the accelerm= 
tion is that of gravity, and it is usual to denote the acceleration produced, 
‘by the letter 7; it has alreatly been stated (27 and 29) that the numerical) 
value of x, i8 $2°1912 at London, when the unit of time is a second and) 
the unit of a distance a foo, | 

47. Motion on an tnelined plane.—Referring to (42), suppose the 
ferce P not to act; then the mass M is acted on by an unbalanced 
force Me sin A, in the direction MA, consequently the accelerating | 





down the plane is ¢ sin A, and the motiva becomes a particular case of 
that discussed in the last arvicle. If it begin to move from rest, 
will at the end of f seconds acquire a velocity @ given by the equation 


vegtsin A, 
and will describe a length ¢ (ft.) of the plane given by the equatfon 
sm igft sin A. 
Also, ify is the velocity acquired while desesibing s feet of the plane 
eagssin A. 





Henee (fig. 19) if'a body slides down the plane from B to A the veloci 
which it acquires at A equals ./3g-AB sin A or «/2¢. BC. that (s to sm 
the velocity which the body has at A does not depend on the angle 
bat only on the perpendicular height BC, The same would be true 
for BA we substituted any smooth curve, and hence we may 
generally, that when a body moves along any smooth line under the 
action of gravity, the change of velocity it experiences in moving froma) 
‘ene point to another is that due to the 2erfica/ height of the former 
above the latter. < 
48. Composition of velocities.—The rule for the composition of 
velocities is the same as that for the composition of forces ; this follows 
evidently from the fact that forces are measured by the momentum they 
communicate, and are therefore to one another in the same ratio as 
velocities they communicate to the same body. Thus (fig. 5, art. 33)) 
the point has at any instant a velocity AB, in the direction AP, 
there is communicated to it a velocity AC in the dircetion AQ. it will 
move in the direction AR with a velocity represented by AD. 
conversely, the velocity of a body represented by AD can be resolvedi 
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must Continually act on it fomrna’r the centre to deflect it from the tangent, 
and keep it moving in the circle ; in the above case the force coi 
480 units, which is nearly 1 Ibs, of force, 
50. Motion in @ vertical cirete.—Lct ACDB be a circle whose plané | 
is vertical And radius denoted by r. Suppose a 
= point placed at A, and allowed to slide down the 
‘curve, what velocity will it have acquired on reach | 
ing any given point P? Draw the vertical diameter 
CD, join CA, CP, and draw the horizontal lines 
AMIi and PNP’. Now assuming the curve to be 
smooth the velocity acquired in falling from A to P 
is that duc to MN the vertical height of A above P| 
(a7); if, therefore, v denote the velocity of the point: 
at P, we shall have 


eos veag MN. 
Now by similar triangles DCP, PCN we have 
DC; CP ;: CP: CN 
consequently, if we denote by s the chord CP, 






PS 


arNC=8 
in like manner if « denote the chord CA, 
2 MC=a 
therefore 
ar MN =a?— 2 
and ee £ (#2). 


Tt will be remarked that v will have equal values when s has the same 
value whether positive or negative, and for any one value of + there are 
two equal values of v one positiveand one negative. That is to say, since 
CP" is equal to CP, the body will have the same velocity at P” that it has 
at P, and at any point the body will have the same velocity whether 
it is going yp the curve or down the curve. Of course it is included in 
this statement, that if the body begins to move from A it will just ascend 
toa point B om the other side of C, such that A and B are in the sane 
horizontal line. It will also be remarked that at C the value of s is zero; 
consequently, if V is the velocity acquired by the body in falling from A 
to C we have 


Va, /f, 
r 


and, on the other hand, if the body hegins to move from C with a veloe 
city V it will reach a point A such that the chord AC or a is given by 
the same equation, In other words, the velocity at the lowest. point is | 
proportional to the chord of the arc described. 













ees 


_ goes may be graphically represented as follaws Draw a line of indefi 


* lation, the ordinance NP must be drawn in the contrary direction to that 
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have ¢=4, r= 5'26165, and © stands for the known number 314159, 
therefore the formula gives us 

£=(S14IS9)" x 25165 — S24982, ] 

‘This is the value employed in (29). | 

$2 Graphic representation of the changes of velocity of aa osctl~ 

Tating body—The changes which the velocity of a 









length und mari off AH to represent the time of one vibration. HH’ to 
Fepresent the time of the second vibration, and soon. During the first 
vibration the velocity increases from zero to a maxitium at the half 


: Pita I 2 
m ro oo 
Wig. 96, 


vibration, and then decreases during the second half vibration from the 
Maximum to zero, Consequently, ifa curved line or are AQH is drawn, 
the ordinate QM at any point Q will represent the velocity of the body 
at the time represented by AM, If a similar curved line or arc HPH" 
be drawn, the ordinate PN of any point P will represent the velocity at 
atime denoted by AN, But since the déewtivn of the velocity inthe 
second oscillation is contrary to that of the velocity in the first oscile 


of MQ. 1f, then, the curve be continued by a succession of equal ares 
alternately on opposite sides of AD, the variations of the velocity of the 
vibrating body will be completely represented by the varying magnitudes 
of the ordinates of successive points of the curve, 

53: Contoal penduturm.—When a point P is suspended from a point 
A.a3 a simple pendulum, it can be caused to describe a horizontal circle 
with auniform velocity V. A point moving in such a manner constitutes 

what is called a contcal pendulum, and admits of 
many usefial and inicresting applications. We wilh 
in this place, ascertain the relation which exist 
between the length r of the thread, AP, the angle off 
the cone PAN or ¢, and the velocity V. Since the 
point P moves in a circle, whose radius is PN with a 
velocity V, a force K must act on it in the direction 

> PN given by the equation (49) 

ve 

RoM pg 

Now the only forces acting arc the tension of the thread T along PA, 
and the weight of the body My vertically, consequently theit resultant 
must be a force Racting along PN. And therefore these forces will Bg | 
parallel to the sides of the triangle ANP. So that (35) 


R-Mg pe 
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‘equal momenta with contrary signs; and therefore the sum of the mo-” 
id anenta of the two bodies will remain constant during and at the end of 
the impact. It is of course understood that if the two bodies move in | 
contrary directions their momenta have opposite signs and the sum is on 
algcbraical sum. In order to test the physical validity of this ae | 
Newton made a series of experiments, which may be briefly described | 
thus :—two balls A and B are hung from points C, D, in the same horie 
zontal line by threads in such a manner 
x that their centres A and B are in the 
same horizontal linc, With centre © 
and radius CA describe a semicircle 
= EAF, and with centre D and radius 
DB describe a semicircle GBH on the 
wall in front of which the balls hang: 
Let A be moved back to R, and be 
allowed to descend to A; it there im- 
pinges on B, both A and B will now 
move, along the arcs AF and BH respectively ; let A and B come to their 
highest points at rand & respectively. Now if V denote the velocity 
with which A reaches the lowest point, » and w the velocities with which 
A and B leave the lowest points after impact, and r the radius AC, it 
appears from (50) that 


= = | 
VachdaR /% vechd ar, /&, and w=chd BA /€; ] 


therefore if A and Bare the masses of the two balls, the momentum at 
the instant before impact was Axchd AR and the momentum after) 
i was Axchd Ar+Bxchd Bé, Now when the positions of the) 

is R, r, and & had been properly corrected for the resistance of the 
air, it was found that these two expressions were equal to within quamti= 
ties so smail that they could be properly referred to errors of observations) 
‘The experiment succeeded equally under every modification, whether A) 
impinged on B at rest or in motion, and whatever the materials of A and) 
B imight be. 

55. Direct coltiston of two bodies.—Let A and B be two bodies 
moving with velocities V and U respectively, along the same line, and Tet 
their mutual action take place in that line ; if the one overtake the other, 
what will be their respective velocities at the instant after impact? We 
will answer this question in two extreme cases, 

i. Let us suppose the bodies to be gutte éeclastic. In this case, when 
A touches B, it will continue to press against B until their velocities ane) 
equalized, when the mnutual action ceases, For whatever deformation the| 
lodies may haye undergone, they have no tendency to recover theif) 
shapes, if, therefore, x is their common velocity after impact, we shall) 
have Ar+Byr their joint momentum at the end of impact, but their) 
momentum before impact was AV+BU. Whence 

(A+B) 7=AV+BU, 


an equation which determines x. 


ie 
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Fig. 23. 


















motion, or in keeping up motion in opposition to resistance, or in a 
combination of these actions, The reader will easily convince himself of | 
this by calling to mind what the definite actions are which constitute 
work done by (say) a navvy, a joiner, a mechanic, a weaver; that 
‘by a horse, whether employed in drawing a vehicle or in turning a gins 
‘or that of a steam-engine, whether it be used to drag @ railway-teale Or 
to drive machinery. In all cases the work done is reducible, from a 
mechanical point of view, to the elements that have been me 
although it may be performed a different materials, with different tools 
and with different degrees of ski 
It is, moreaver, easy to see ‘oi 48, 49) that any possible change of 
motion may be represented as a gain by the moving body of an aildi= 
tional (positive or negative) velocity either in the direction of its previous 
motion, or at right angles to it; but a body which gains velocity 
(23) said to be accelerated, Hence, what has been said above may be 
Summed up as follows -—Mhen a force produces acceleration, ar shew 
it maintains motion unchanged i opposition to resistance, it is saéd to de) 
ie 
, Measure of Work.—In considering how work is to be measured, | 
Buon the relation between different quantities of work is to be éxy 
numerically, we have, in accordance with the above, to consider | 
t, work of acceleration ; and secondly, work against resistance. But 
in order to make the evaluation of the two kinds of work consistent, We) 
must bear in mind that one and the same exertion of force will result in 
work of either kind, according to the conditions under which it takes 
thus, the force of gravity acting on a weight let fall from the hand: 
Causes it to move with a continually accelerated velocity until it strides 
the ground; bur if the same weight, instead of being allowed to fall 
freely through the air, be hung to a cord passing round a cylinder by 
means of which various degrees of friction can be applied to hinder 
descent, it can be made to fall with a very small and practically unif 
velocity, Hence, speaking broadly, it may be said that, in the fo 
ease, the work done by gravity upon the weight is work of ace 
only, while in the latter case it is work against resistance (friction) o 
But it is very important to note that an essential condition, without 
which # force, however great, cannot do work either of one kind or th 
other, is that the thing acted on byit shall move while the force continues 
toacl This is obvious, for if no motion exists it clearly cannot be either 
accelerated or maintained against resistance. The motion of the body 
on which a force acts being thus necessarily involved in our notion of 
work being done by.the force, it naturally follows that, in estimating how 
much work is done, we should consider how much—that is to say, how 
fay—the body moves while the force acts upon it. ‘This agrces with the 
mode of estimating quantities of work in common life, as will be evidemt 
if we consider a very simple case, for instance, that of a labourer ems | 
ployed to earry bricks up toa scaffold : in such a case, a double numbany) 
of bricks carried would represent a double quantity of work done, but sol) 
also would a doubled height of the scaffold, for whatever amount of work | 
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‘acting upon a constant mass Causes its velocity to change at a 
rate; hence, in the present case, the average velocity is simply 
‘arithmetical mean of the initial and final velocities, or 
S=4(V,4+V)T. 
Combining this with the last equation, we get as the expression for 
work done by the force F— 
FS=3M(W{-V4); 
Lae words, when @ constant force acts on a mass so as te change ttt 
j the work done by the force is equal to half the product of the 
do the chanige of the square of the velocily. 

“The foregoing conclusion has been arrived at by supposing the force F 
to be constant, but it is easy to show thar it holds good equally if F is 
the average magnitude of x force which varies from one part to another 
of the total distance through which it acts, To prove this, let the 
distance S be subdivided into a very great number # of very small parts 
each equal to s, so that xs = S. Then, by supposing sto be sufficiently 
small, we may without any appreciable error consider the force as constant 
Within each of these intervals and as changing suddenly as its point of 
application passes from one interval to the next. Let F,, Fy Fy. +» « By 
be the forces acting throughout the 1st, 2nd, 3rd... ath interval 
respectively, and let the velocity at the end of the same intervals be 
Wy Vay Vey - - - - Ue = V;) respectively; then, for the work done in the 
successive intervals we have— 

Fys = 4 M (v3-V) 
Fis = 4 M (243—)") 
Fy -iM (ee) 











s = 4M(e2~o3) =< 4M 
or, for the total a. 
(Fy, + Fy + Fy tee + Fs gM (VIRAV A; 
where the quantity on the leftehand side of the equation may also be 


written SLE Sts if we put F to stand for the 


wy) 





ieee fo arithratical mean) ofthe forces Fs, Fe eto 

An important special case of the application of the above formula 
arises when either the initial or the final velocity of the mass Mig” 
nothing, that is to say, when the effect of the force is to make a body: 
pass from a state of rest into one of motion, or from a state of motion 
into one of rest, The general expression then assumes one of the follows 
ing forms, namely;— 

FS =$M Vor, 

-FS=)MV. | 
the first of which denotes the quantity of work which muse be done On wi 
body of mass Mein order to give ta it the velocity V;, while the 
expresses the work that must be done in order to bring the same mass to 
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"to cause motion into the distance th 


force acts. The energy 
velocity, is commonly distinguished as 
Riv mea measured by half the product of the Sette ‘mass into the squared 
velocity. 
53a, Varteties of Znergy.—It will be scen, on considering the definis 
on of work given above, that a force is said to do work when it pro 
dices any change in the condition of bodies, for the only changes whic! 
according to the definition of force given previously (26), a force 
capable of producing, are changes in the state of rest ot motion of bodie 
Rei changes of their place in opposition to resistances tending to p 
motion or to produce motion in an opposite direction. There are, however 
many other kinds of physical changes which can be produced under ap 
propriate conditions, and the recent progress of investigation has shown! 
that the conditions under which changes of all kinds occur are so 
analogous to those required for the production of work by mechanics 
forces, that the term sors has come to be used in a more extended sen 
than formerly, and is now often used to signify the production of any 0 
of physical change. 

Thus work is said to be done when a body at a low temperature 
raiged to a higher temperature, just as much as when a weight is 
from a lower to a higher level; or again, work is done when any elect 
cal, magnetic, or chemical charge is produced, This ¢xtension of 
meaning of the term work involves a similar extension of the meaning 
energy, which in this wider sense may be defined as the capacity for, 
ducing physical change, : 

‘As examples of cnergy in this more gencral sense the following may b 
Mentioned ; (a) the energy possessed by gunpowder in virtue of thie 
mutual chemical affinities of its constituents, whereby it is capable & 
doing work by generating heat or by acting on a cannon ball s0 as 
change its state of rest into one of rapid motion; (6) the energy 
changed Leyden jar which, according to the way in which the jar is) 
charged, can give rise to changes of temperature, changes of che 
composition, to mechanical changes, or to changes of magnetic or el 
trical condition ; (c) the energy of a red-hot ball which, amongst 
‘effects it is capable of producing, can raise the temperature and ineres 
the volume of bodies colder than itself, or ean change ice into water 
ae into steam. 

, Transformations of Znergy.—It has been found by experim 
Safghen cus lind of energy disappears or is expended, energy of 30m 
other kind is produced, and that, under proper conditions, the disap 
ance of any one of the known kinds of energy can be made to give 
toa greater or less amount of any other kind. One of the simplest 
trations that can be given of this transformation of energy is afforded 
the oscillations of a pendulum, When the pendulum is at rest in 
lowest position it does not possess any energy, for it has no power 
Setting either itself or other bodies in motion or of producing in them any 


! 
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of change. In order toset the pendulum oscillating, work must be done 
it, and it thereafter possesses an amount of energy corresponding 
the work that has been expended. When it has reached either end of 
path, the pendulum is for an instant at rest, but it possesses energy 
virtue of its position, and can do an amount of work while falling to 
lowest position which is represented by the product of its weight into 
vertical height through which its centre of gravity descends. When 
x}the middle of its path the pendulum is passing through its position of 
librium and has no power of doing work by falling lower, but it now 
sesses energy by virtue of the velocity which it has gained, and this 
gy is able to carry it up on the second side of its lowest position to a 
ight equal to that from which it has descended on the first side, By 
time it reaches this position the pendulum has lost all its velocity, but 
has regained the power of falling ; this, in its turn, is lost as the pen- 
lum returns again to its lowest position, but at the same time it regains 
its previous velocity. Thus during every quarter of an oscillation, the 
gy of the pendulum changes from potential energy or energy of 
ition, into actual energy or energy of motion, or vice versd. 
Amore complex case of the transformation of energy is afforded by a 
rmo-electric pile, the terminals of which are connected by a con- 
ing wire : the application of energy in the form of heat to one face 
the pile gives rise to an electric current in the wire, which, in its turn, 
juces heat, or by proper arrangements can be made to produce 
nical, magnetic, or mechanical effects, such as those described below 
in the chapters on Electricity. 

Ichas also been found that the transformations of energy always take 
pce according to fixed proportions. For instance, when coal or any 
ather combustible is burned, its chemical energy, or power of combining 
with oxygen vanishes, and heat or thermal energy is produced, and the 
qucntity of heat produced by the combustion of a given amount of coal is 
fed and invariable. If the combustion take place under the boiler of a 
! weam-engine, mechanical work can be obtained by the expenditure of 

part of the heat produced, and here again the quantitative relation 

between the heat expended and the work gained in place of it is perfectly 
constant. 

60, Conservation of Bnergy.—Another result of great importance 
which has been arrived at by experiment is that the total amount of energy 
possessed by any system of bodics is unaltered by any transformations 
arising from the action of one part of the system upon another, and can 
only be increased or diminished by effects produced on the system by 
extemal agents. In this statement it is of course understood that in 
reckoning the sum of the energy of various kinds which the system 
may possess, those amounts of the different forms of energy which are 
mutually convertible into each other are taken as being numerically 
| Sual; or, what comes virtually to the same thing, the total energy of the 
| mstem is supposed to be reduced—either actually, or by calculation from 
the known ratio of transformation of the various forms of energy—to 
‘ergy of some one kind ; then the statement is equivalent to this: that 








On Matter, Force, and Motion, 


the total energy of any one form to which ie aeer ol wate 

of bodies Is reducible, is unalterable so long as the system is not acted 
from without, Practically it is always possible, in one way or another, 
convert the whole of the energy Possessed by any body or syst 
bodies into heat, but itcannot be all converted without loss into any: 

form of energy ; hence the principle stated at the beginning -of this 
arricle can be enunciated in the closest conformity with the direct 

of experiment by saying that, so long as any system of bodies is not acted 
on en’ ‘without, the total quantity of heat that can be obtained from it 
is unalterable by any changes which may go on within the system itself 
For instance, a quantity of air compressed into the reservoir of an 
‘possesses energy which is represented partly by the heat which gives to 
it its actual temperature above the absolute zero (427), and partly by the 
work which the air can do'on expanding. This latter portion can 
converted into heat in various ways, as, for example, by allowing the air 
escape through a system of capillary tubes, so fine that the air issues from. 
them without any sensible velocity ; if, however, the expanding air 
employed to propel a bullet from the gun, it produces considerably 
heat than in the case previously supposed, the deficiency being rej 

for a time by the enenzy of the moving bullet, but reappearing in 1 

‘of heat in the friction of the bullet against the air, and when the 

of the bullet is destroyed by striking against an inelastic obstacle at 


same level as the gun. But whatever the mode and however nui 

the intermediate steps by which the energy of the compressed air 
converted into heat, the total quantity of heat finally obtainable from it 
the same, 
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twovunits of mass whose distance asunder was the unit of length, the a 
traction of two molecules, epee eae and av, at thie Mita r 


‘would be expressed pyre 


62. ae ss scl grateatisa ~The tendeacy of ay boty toward 
the earth is duc to the mutual attraction of that body and the earth 
‘to terrestrial gravitation, and is, in fact, merely a particular case of u 
versal gravitation, 

At any point of the earth’s surface, the direction of gravity, that is 
line which a falling body describes, is called the vertical line. The 
tical lines drawn at ditferent points of the earth's surface converge ve 
nearly to the carth’s centre. For points situated on the same meridian, 
the angle contained between the vertical lines equals the difference be- 
tween the latitudes of those points.” 

‘The directions of the earth's attraction upon neighbouring bodies, OF 
upon different molecules of one and the same body, must, therefore, 
considered as parallel, for the two vertical lines form the sides of a tri 

le whose vertex is near the earth’s centre, about 4,000 miles distant, 
and whose base is the small distance between the molecules under con~ 
sideration. 

‘A plane or line is said to be Aorézontal when it is perpendicular to thie 
vertical line. 

‘The vertical line at any point of the globe 

tho plwnibrline (fig. 29), which consists of a weight 
tached to the end of a string. It is evident that 
weight cannot be in equilibrium, unless the direction 
the earth's attractiof upon it passes through the pomt: 
support, and therefore coincides with that of the string: 
‘The horizontal plane isalso determined with great 
since it coincides, as will be afterwards shown, with the 
Level surface of every liquid when in a state of equilib 
When the mean figure of the earth has been r 
mately determined, it becomes possible to compare tf 
direction of the plumb-line at any place with that of 
normal to the mean figure at that place. When afi 
difference in these directions can be detected, it 
stitutes a devéation of the plumb-line, and is due tot 
attraction of some great mass of matter in the 
hood, such asa mountain, Thus, in the case of the mountain 
Schehallien, i in Perthshire, it was found by Dr. Maskelyne that the 
between the directions of two plumb-lines, one ata station to the 
and the other to the south of the mountain, was geeater by 11/6 than 
angle between the normails of the mean surface of the earth at those poll 
in other words, each plumb-line was deflected by about 6” towards 
mountain, By calculating the volume and mass of the mountain, 
inferred from this observation that the mean density of the moun 
was to that of the earth in the ratio of 5 : 9, and that the mean density 
the earth is about five times that of water,—a result agreeing p 
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33; the point where the directions AB and CD of the string in the 
+ experiments intersect cach other is the centre of gravity rot 
the resultant of the earth's ateraction being a vertical force applied at d 












Pe 


centre of gravity, the body can only be in equilibrium when this point 
vertically under the point of suspension, that {s in the prolongation of t 
suspended string. Hut the centre of gravity being in AB as well as in ©D 
‘must coincide with the point of intersection of these two lines. 

64 Zquilidrium of heavy bodies.—Since the action of gravity upe 
a body reduces itself to a single vertical force applied ar the centre: 
gravity and directed towards the earth's centre, equilibrium will be 
Tished only when this resultant is balanced by the resultant of other f 
and resistances acting on the body at the fixed point through which 

ASSES. 

‘When only one point of the body is fixed, it will be in equilibrium if 
the vertical line through its centre of gravity pa passes through the 
point. If more than one point is supported, the body will be in eq 
brium if a vertical line through the | centre of gravity passes through 
point within the polygon formed by joining the points of support. 

The Leaning Tower of Pisa continues to stand because the vertical fi 
drawn through its centre of gravity passes within its base. 

Teis easier to stand on our fect than on stilts, because in the latte! 
case the smallest motion is sufficient to cause the vertical line through 
centre of gravity af our bodies to pass outside the supporting base, whi 
is here reduced to a mere line joining the feet of the stilts, Again, it & 
impossible to stand on one leg if we keep one side of the foot and 
close to a vertical wall, because the latter prevents us from throwing t 
body's centre of gravity vertically above the supporting base. 

65, Different states of equilibrium.—Although a body supported 
a fixed point is in equilibrium whenever its centre of gravity is i 
vertical line through that point, the fact that the centre of gravity 
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from A and B respectively, and let G be the centre of gravity of the 
beam, then the beam will come to rest in the position shown in the figure 
where the line DCN is vertical, and ECG is the direction of the pointer 





Fig. 38. Fig. 39. 


According to the above statement the greater the angle ECD for a given 
difference between P and Q the greater is the delicacy of the balance. 
Draw GN at right angles to CG. 

Let W be the weight of the beam, then from the properties of the 
lever it follows that measuring moments with respect to C, the moment 
of P equals the sum of the moments of Q and W, a condition which at 
once leads to the relation 


(P-Q) AC=W.GN 


Now it is plain that for a given value of CG the angle GCN (that is 
ECD, which measures the delicacy) is greater as GN is greater : and from 
the formula it is plain that for a given value of P—Q we shall have GN 
greater as AC is greater, and as Wisless. Again, for a given value of G! 
the angle GCN is greater as CG is less. Hence the means of rendering 
a balance delicate are : 

i. To make the arms of the balance long. 

ii, To make the weight of the beam as small as is consistent with it: 
rigidity 











'o bring the centre of gravity of the beam a very little below th 
point of support. 

Moreover, since friction will always oppose the action of the force that 
tends to preponderate, the balance will be rendered more delicate by 
diminishing friction: to secure this advantage the edges from which tht 
beam and scales are suspended are made as sharp as possible, and tht 
supports on which they rest are very hard. And further, the pointer it 
made long, since its elongation renders a given deflection more perceptibl 
by increasing the arc which its extremity describes. 

69, Physical and chemical balances.—Fig. 40 represents one 0 
the accurate balances ordinarily used for chemical analysis. Its sen 
sitiveness is such that when charged with a kilogramme (1,000 grms. 
in cach scale, an excess of a milligramme (2th of a grm.) in cithe 
scale produces a very perceptible deffection of the index. 

In order to protect the balance from air-currents, dust, and moisture 
it is always, even when weighing, surrounded by a glass case, whose from 




















CHAPTER I. 


LAWS OF FALLING BODIES, INTENSITY OF TERRESTRIAL 
THE PENDULUM. 


‘Ji, Baws of failing dodies—Since a body falls to the grow 
consequence of the earth's attraction an eee | 
j molecules, it follows that, everything else bein| 
q same, all bodies, great and small, light and. 
| ought to fall with equal rapidity, and a} 
sand without cohesion should, during its 
retain its original form as perfectly ax if it 
compact stone, The fact that a stone falls 
| rapidly than a feather is due solely to the an 
resistances opposed by the air to the desce| 
these bodies; in a vacuwm all ee 
equal rapidity. To demonstrate this by © 
‘ment a glass tube about two yards long {i 
‘may be taken, having one of its extremities 
pres ere ind a brass cock fixed to the q 
Afterhi itroduced bodies of different 
| aA aces {pieces of lead, paper, feather, 
into the tube, the alr is withdrawn from it by a 
pump,and the cock closed. If the tube be 
suddenly reversed, all the bodies will fall <4 
quickly. On introd: a lite air and 4 
inverting the tube, the lighter bodies bet 
slightly retarded, and this retardation inen 
.. with the quantity’ of air int 
‘The resistance opposed by the air to ff 
bodies is especially remarkable in the a4 
liquids. ‘The Staubach in Switzerland isa) 
illustration ; immense mass of water fs 
falling over a high precipice, but before fe 
the bottom it is shattered by the air inte 
finest mist. In a vacuum, however, 
like solids without separation of their mallee 
‘The water hammer illustrates this: the in 
ment consists of a thick glass tube about a 
long, half filled with water, the air having 
expelled by ebullition previous to closing on 


tremity with the blow-pipe. When such @ 

is suddenly inverted the water falls in one | 

vided mass against the other extremity of 
tube, and Somat a sharp dry sound, resembling that which accomp 
the shock of two solid bodies, 








regulated by a seconds pendulum, P, in the vsual way—that is to 
oscillations of the pendulum are communicated to a ratchet, whose 
teeth, a8 seen in the figure, fit into those of the ratchet wheel, The 

‘of this wheel gives motion to the seconds hand of the dial, and also to: 
exeentric behind the dial, as shown at E by a separate figure, ‘This 
centric plays against the extremity of a lever D, which it pushes until 
latter no longer supports the small plate, f, and thus the weight M, 

at first rested on this plate, is suddenly exposed to the free action 
gravity. The excentric is so constructed that the little plate # falls 
cisely when the hand of the dial points to zero. 

‘The weights M and M’ being equal hold each other in equill 
the weight M, however, is made to descend slowly by putting a small 
oor overweight m upon it;-and to measure the spaces which it des 
the rod or scale, Q, is divided into fect and inches, commencing from. 
plate Z To complete the instrument there are a number of plates, Ay 
, C’, and a number of rings, B, B’, which may be fixed by screws at 
part of the scale. ‘The plates arrest the descending weight M, the ri 
only arrest the bar or overweight me, which was the cause of motion, 
that after passing through them, the weight M, in consequence of i 
inertia, will move on uniformly with the velocity it had acquired 
reaching the ring. The several parts of the apparatus being described, 
fow words will suffice to explain the method of experimenting. 

Let the hand of the dial be placed behind the zero point, the lever 
adjusted to support the plate#, on which the weight M with its o 
sm rests, and the pendulum put in motion. As soon as the hand of 
dial points to zero the plate # will fall, the weights M and mw will desceng 
and by a little attention and a few trials it will be casy to place a plate 
0 that M may reach it exactly as the dial indicates the expiration of 
second. To make a second experiment, let the weights M and a, 
plate #, and the lever D, be placed as at first; remove the plate A,and 
its place put a ring, B, 39 as to arrest the overweight # just when 
weight M would have reached Aj on putting the pendulum in 
again it will be easy, after a few trials, to put a plate, C, so that the 
M may fall upon it precisely when the hand of the dial points to 
seconds Since the overweight m in this experiment was 
ting B at the expiration of one second, the space BC was described by 
in one second purcly in virtue of its own inertia, and consequently, 
(32) BC will indicate the velocity of the falling mass at the expiration 
‘one second. 

Proceeding in the same manner as before, let a thind experiment 
made in order to ascertain the point B’ at which the weight M andj 
arrive after the lapse of two seconds, and, putting @ ring at BY, 
by a fourth experiment the point C* at which M arrives alone, 
seconds after the descent commenced; B’C’ will then express 
velocity acquired after a descent of two seconds. Jn a similar 
by a fifth and sixth experiment, we may determine the space 
described in three seconds, and the velocity BYC”” acquired during 
three seconds, and soon; we shall find that B’C” is twice, and 
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__ in which fits the end of a lever, B; by pulling at a cord fixed to the ot 
~ end of B, the wheel is liberated, the weight Q descends, and the whole 
system begins to turn, ‘The motion is at first accelerated, but as the al 
offers a resistance to the vanes, which increases as the rotation b 
more rapid, the resistance finally equals the acceleration which oul 








tends to impart, From this time the motion becomes uniform, 


Pie 45 Pla. tae | 
the case when the weight Q has traversed about three-quarters its courses | 
at this moment the weight P is detached by pulling the chord K, and ther 
pencil then traces the curve mn, 

If, by means of this curve, we examine the double motion of the 
pencil on the small squares which divide the paper, we see that, for dis== 
placements of 1,2, 3, .. . . ina horizontal direction, the displa 
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gravity at the above places is obtained by simply multiplying th 
pts Gepost to feet teeter Pome Consequent) 
the’ space described in the first second of its motion by a body f 
wacwo from a state of rest (46) i ' 
16:0467 feet at the Equator, 
160936 at London, and 
1671264 at Spitzbergen. 
From observations of this kind, after applying th cessary 
and taking into account the effect of station (7), the fonn of 8 
ean be deduced, 





5. Verification of the laws 
pondulum.—In order to verify t 
of the simple pendulum (51) we a 
pelied to employ a cornpound one 
construction differs as little as 
from that of the former, For this 
a small sphere of a very dense su} 
such as Jead or platinum, is su; 
from a fixed point by means of ay 
thread. A pendulum thus 
lates almost like a simple pendul 
Jength is equal to the distancel 
centre of the sphere from the 
suspension. 

In order to verify the isoch: 
small oscillations, it is merely 
to count the number of oscillati 
in equal times, as the amplitudes. 
oscillations diminish from 3 
fraction of a degree; this number 
to be constant 

‘That the time of vibration is 
tional to the square root of the 
= verified by causing pendulums, 
aw lengths are as the numbers 1, 





to oscillate simultangously. 
sponding numbers of oscillations in a given tine are then fo 
proportional to the fractions 4 4, fete. ..., which shows 
times of oscillation increase as the numbers 1, 2,3,.. . . etc. 
By taking several pendulums of exactly equal length B, C, D 
but with spheres of different substances, lead, copper, ivory, it 
that, neglecting the resistance of the air, these pendulums osc 
equal times, thereby showing that the accelerative effect of gr 
all bodies is the same at the same place. 
By means of an arrangement resembling the above, Newton 
the fact that the masses of bodies are determined by the balance: 
it will be remarked, lies at the foundation of the measure of fc 
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; impact of inelastic bodies, can one 
ofthe tall may be clad rh te amount 
7). Causes which modify the intensity of ita: 
a rhe tnteciky ofthe tree’ of gravity et the vant ear 
tmodified by two causes, viz. by the form and by the rotation of 
earth, 


i If the earth were a sphere of uniform density the resultant of 
attractions which its parts exert on an external point would be the sa 
4s if the whole of its mass were collected at its centre, and therefore 
‘Attraction at all points of its surface would be the same. In con! n 
‘of the flattening of the earth at its poles, this is no longer ¢: 
only very nearly true; and the attraction on an external point is 
srewrly inversely as the square of its distance from the carth’s centre. 
& further consequence of the flattening at the pdles, the distance fm 
the centre of a point on the surface decreases as we from 
equator to cither pole; but as the distance decreases the attraction ® 
increase, and consequently the force of gravity increases as the Tat 
increases, being: least at the equator, and greatest at the poles. ‘This i 
what would be true if, other things remaining the same, the earth 
at rest. 

ii. In consequence of the earth's rotation, the force of gra 
further modified. If we imagine a body relatively at rest on the 
it really shares tho carth’s rotation, and describes, in the course of 
day, a circle whose centre and radius are the centre and radius of | 
earth, Now since a body in motion tends by reason of its inerrla 
move in a straight line, it follows that to make it move in a circ 
force must be employed at each instant to deflect it from the tange 
« Consequently, a certain portion of the carth’s attraction must: 
employed in keeping the above body on the sutface of the earth, jal 
only the remainder is sensible as weight ar accelerating foree, 
appears from calculation that on the equator the y!,th part of the 
“attraction on any body is thus employed, so that the magnitude of 
the equator is Jess by the ;3th part of what it would be were the 
at rest. If the body, instead of being on the equator, is in any gi 
fatitude, it will describe in one day a circle coinciding with the parall 
of latitude on which it is situated. Now when bodics describe int 
same time circles of different radii, it can be deduced from (49) that | 
forces required to keep them in those circles are proportional to # 
radii. Hence the force required in the case of a body in any 

tude is less than that required if the body were on the equater, 
as the latitude is greater, consequently were gravity diminished by 
whole amount of this force the diminution would be less the 
body is to cither pole, But since the force is produced only by 
alirect action of gravity, it appears that the diminution is the 1 
still less as the latitude is greater. On the whole, therefore, the fo 
uravity increases as we pass from the equator to either pole, in 
‘quence of the rotation of the earth. 

It will be observed that both causes, viz, the fattening of the & 
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the force of cohesion causing 


solution of 
and a few drops of bisulphide 
float on the surface. If pure water he now carefully added, so as 
‘rest on the surface of the sulphate of zinc solution, the bisulphide 
in the form of a flattened spheroid, which presents the appearance 
blown coloured glass, and is larger than the peckof the bottle, provided 
sufficient quantity has been taken, 

$0, Ammity.— Chemical affinity is the force which is exerted 
molecules not of the same kind. ‘Thus, in water, which is composed 
oxygen and hydrogen, it is affinity which unites these elements, but it 
cohesion which binds together two molecules of water, In com 
odies cohesion and affinity operate simultaneously, while in si 
‘Dodies or elements cohesion has alone to be considered. 

‘To affinity are due all the phenomena of combustion, and of chemies 
combination and decomposition. 

The canses which tend to weaken cohesion are most favourable 
affinity ; for instance, the action of affinity between substances is 
tated by their division, and still more by reducing them to a liquid 
giseous state. It is most powerfully exerted by a body in its 
State, that is, the state in which the body exists at the moment it 

lisengaged from a compound ; the body is then free, and ready to 
‘the feeblest affinity, An increase of temperature modifies affinity di 
ently under different circumstances. In some cases, by nial 
Cohesion, and increasing the distance between the molecules, heat pt 
motes combination. Sulphur and oxygen, which at the ordinary tem| 
rature are without action on each other, combine to form sulphi 
acid when the temperature is raised; in other cases heat tends to 
pose compounds by imparting to their elements an unequal 
bility. ‘Thus it is that many metallic oxides, as for example those 
silver and mercury, are decomposed, by the action of heat, into gas 
moval, 

Adhesion.—The molecular attraction exerted between bodies 

contact is called adhesion, 

i. Adhesion takes place between solids, If two leaden bullets are 
with a penknife so as to form two equal and brightly polished 
and the two faces are pressed and turned against each other until 
are in the closest contact, they adhere so strongly as to require 
of more than too grammes to separate them. The same experi 
may be made with two equal pieces of glass, which are polished 
made perfectly plane. When they are prc sed one against the other, 
adhesion is so powerful that they cannot be separated without 
As the experiment succeeds # wacko, it cannot be due to atmospl 
pressure, but must be attributed to a reciprocal action between the 
surfaces. The attraction also increases as the contact is prol 
and is greater in proportion as the contact is closer, 

In the operation of gluing, the pores and crevices of the fresh sur 
being filled with liquid glue, so that there is no empty space on 
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and glue form one compact whole, In some cases the adhesion of 
cement is so powerful that the mass breaks more readily at other 
es than at the cemented parts. 
ii Adhesion also takes place between solids and liquids. If we dip a 
s rod into water, on withdrawing it a drop will be found to collect 
its lower extremity, and remain suspended there. As the weight of 
drop tends to detach it, there must necessarily be some force superior 
w this weight which maintains it there: this force is the force of 
ion. 
| iii. The force of adhesion operates, lastly, between solids and gases. If 
glass or metal plate be immersed in water, bubbles will be found to 
on the surface. As air cannot penetrate into the pores of the 
the bubbles could not arise from the air which had been expelled. 
is solely due to the layer of air which covered the plate, and moistened 
klike a liquid. In many cases when gases are separated in the nascent 
fate on the surface of metals—as in electrolysis—the layer of gas which 
the plate has such a density that it is susceptible of very energetic 
ical actions. 
© Under the heads capillarity, endosmose, effusion, absorption, and imbi- 
ition, we shall presently study a series of phenomena which are due to 
molecular attraction. 








CHAPTER IV. 


PROPERTIES PECULIAR TO SOLIDS. 


82, Various special properties.—After having described the prin- 
Gyal properties common to solids, liquids, and gases, we shall discuss 
the properties peculiar to solids. They are, elasticity of traction, elas- 
ticity of torsioh, elasticity of flexure, tenacity, ductility, and hardness, 

83 Miasticity of traction.—Elasticity, as a general property of 
matter, has been already mentioned (17), but simply in reference to the 
asticity developed by pressure; in solids it may also be called into 
thy by traction, by torsion, and by flexure. The definitions there given 

mquire some extension. In ordinary life we consider those bodies as 
lighly elastic which, like caoutchouc, undergo considerable change on 
‘te application of only a small force. Yet the force of elasticity is 
Jpeatest in many bodies, such as iron, which do not scem to be very 
tastic. For by force of elas ‘sity is understood the force with which 
_ [te displaced particles tend to revert to their original position, and 
thich force is equivalent to that which has brought about the change. 

Considered from this point of view, gases have the least force of elas- 
tkity ; that of liquids is considerably greater, and is indced greater than 
tha of many solids. Thus, the force of elasticity of mercury is greater 
‘tan that of caoutchouc, glass, wood, and stone. It is, however, less 
than that of the other metals, with the exception of lead, 
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‘This seems discordant with ordinary ideas about elasticity; 1 
must be romembered that those bodies which by the exertion of a » 
force, undergo a considerable change, generally have also the pro 
of undergoing this change without losing the property of reve 
completely to their original state. They have a wide limit of efasi 
‘Those bodies which require great force to effect a change are also fe 
most part, those on which the exertion of a force produces a perm 
alteration; when the force is no longer exerted, they do not comp 
revert to their original state. 

In order to study the laws of the elasticity of traction, Savart use 

‘apparatus represented in fi, 
It consists of a wooden Sit 
from which are suspendet 
rods or wires taken for € 
ment. At the lower extry 
there is a scale pan, ant 
the wire two points, A an 
aremarked, the distance bet 
which is measured by mea 
the cathetometer, before 
weights are added. 

The cathetometer consit 
a strong brass support 
divided into millimeters, 
which can be adjusted 
vertical position by meat 
levelling screws and the p 
line. A smalltelescope, ex 
at right angles to the scale 
be moved up and down, at 
provided with a yernier ¥ 
measures fiftieths of a millia 
By fixing the telescope su 
sively on the two points A 
B, as represented in the & 
the distance betweem 
points is obtained on the 
ated scale. Placing then weights in the pan, and measuring agail 
distance from A to B, the clongation is obtained. 

By experiments of kind it has been ascertained that for elas 
of traction or pressure— 

The alteration in length, within the limits of elasticity, ts tu propo 
to the length and to the load acting on the body, and is inversely a 
section. 

It depends, moreover, on the specific elasticity, that is, on the ma 
of the body. If this coefficient be denoted by E, and if the Ie 
section, and load are respectively designated by /, s, and P, then fo 
alteration in length ¢, we have 
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“passes this position, aod the wie undergoes a trio i the 

direction. The equilibrium being again destroyed, the wire agait 
to watwist itself, the same alteration 
again produced, and the needie does n 
at zero of the scale until after.a © 
number of oscillations about this point 
- Rival ee Coulomb 

means of this apparatus Coulomb | 

rs when the amplitude of the oscill; 
is within certain limits, the oscillation 
subject to the following laws :— 

I. The oscillations ure very mearhy 

chronous. 

Il, For the same wire, the angle of & 
is proportiowal to the moment of the fa 
torsion, 

IL. With the same force of torsion 
with wires of the same diameter, the 4 
of torsion are proportional to the Leng 
the wires, 

IV. The same force of torsion being a 
to wires of the same length, the ai 
sion are inversely proportional te the ) 
powers of the diameters, 
has examined the elasticity of torsion in the case of 
rods by means of a different apparatus, and finds that it is also s} 
to these Jaws. He has further found that, all dimensions bein 
same, different substances undergo different degrees of torsion, and 


substance has its own coefficient of torsion, which Is denoted by | 


The laws of torsion may be enunciated in the formula w= 4a 
which is the angle of torsion, F the moment of the force of 
7 the length of the wire, » its diameter, and the specific to 
coeflicient, 

85. Mlasttotty of Mexure.—A solid, when cut into a thin platy 
fixed at one of its extremities, after having been more or less bent,4 
to return to its original position when left to itself This property, 
clasticity of flexure and is very distinct in steel, caoutchouc, wood 
paper. 

If a rectangular bar be clamped at one end and loaded at the 
the flexure ¢ is reprosented by the formula 






Pw 
& Pit 
where P is the load, / the length of the bar, 4 its breadth, A its w 
height, and m the modulus of elasticity. 
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~\ can ane gives the breaking weight in pounds for v 
sea 8 a square millimeter :— 

Ponte - 147 Copper,annealed . . € 

21300 «= «drawn. . . G 

. . 486 Iron,annealed 2. wt 

sie oe BIG gp RAW Ee ec 

660 Cast stecl, drawn. . 18 








Wood in the direction of the fi 
Mahogany. 5s 





Obkin as ut. at “ee 
3608 Beech . . . 
6380 Fir. 1 4 8 
58°85 Ash : 





+ 77.00 Box 








jsctature the tenacity rapidly decreases. M. Seguin, 
1.) made some experiments on this point with iron 
4 the following values for the tenacity, in pound: 
ss: + ‘eh ddferent temperatures :— 








at 10%, 13205 at 370°, 118°8 5 at 500%, 7°05 








ee + on 46230 1695 o. 
is the property in virtue of which a g 
.. wxtvs change their forms by the action of traction or press 
so) Nalies: such as clay, wax, etc., the application of a 


swh ent to produce a change; with others, such as 
il of heat is needed, while with the metals, n 
vs test be used, such as percussion, the draw-plate, or 











+s shat modification of ductility which is exhibited 
: st malleable metal is gold, which has been be: 
th of an inch thick, 
is platinum, Wollaston obtained a wire « 
ameter. This he effected by covering with si 
st an inch in diameter, so as to obtain a cylit 
onl, the axis of which was of platinum. This 
+ s6 form of wire as fine as possible ; the two me 
S axseval. When this wire was afterwards treated 1 
was dissolved, and the platinum wire left int 
; at 1w0bo yards only weighed 0-75 of a grain. 
AA eeurone, .ctuits se is the resistance which bodies offer to br 
Vacs wars by others. It is only a relative property, for a t 
_ va geference to one body may be soft in reference to ott 
Ve haniness of two bodies is ascertained by trying whic! 
a atch the other, Diamond is the hardest of ail bodies, fi 
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seratches all, and is not scratched by any. The hardness of a body is 
by referring it to a scale of hardness : that usually adopted is— 


1 Tale 5. Apatite 8. Topaz 
2. Rock salt 6 Felspar 9. Corundum 
3 Calespar 7. Quartz 10, Diamond 
¢ Fluorspar 


Thus the hardness of a body which would scratch felspar, but would be 
scratched by quartz, would be expressed by the number 6°5. 

The pure metals are softer than their alloys. Hence it is that for 
jewellery and coinage gold and silver are alloyed with copper to increase 
their hardness. 

‘The hardness of a body has no relation to its resistance to compression. 
Giass and diamond are much harder than wood, but the latter offers far 
greater resistance to the blow of a hammer. Hard bodies are often used 
Ser polishing powders ; for example, emery, pumice, and tripoli. Diamond, 
being the hardest of all bodies, can only be ground by means of its own 
powder. 

89. Semper.—By sudden cooling after they have been raised to a high 
temperature, many bodies acquire great hardness. This operation is 
called fempering. All cutting instruments are made of tempered steel. 
There are, however, some few bodies upon which tempering produces 
quite a contrary effect. An alloy of one part of tin and four parts of 
copper, called ¢amtam metal, is ductile and malleable when rapidly cooled, 
bat hard and brittle as glass when cooled slowly. 


BOOK IIL 
ON LIQuiDs. 


CHAPTER I. 


MYDROSTATICS. 


90 Odject of Mydrostatios._The science of hydrostatics treats off 
conditions of the equilibrium of liquids, and of the pressures they’ 
whether within their own mass or on the sides of the vessels in: 
they are con 

The science which treats of the motion of liquids is fyi 
and the application of the principles of this science to co 


raising water in pipes is known by the name of Apdriudies, 

OI, General characters of Hqnids,—It has been already seen (4) 
liquids are bodies whose molecules are displaced by the slight 
Their fluidity, however, is not perfect, there is always a 
herence between their molecules to produce a greater or less vi: 

Gases also possess fluidity, but in a higher degree than liqui 
Aistinetion between the two forms of matter is that liquids are alla 
incompressible and are comparatively inexpansible, while gases 
eminently compressible, and expand spontancously. 

The fluidity of liquids is seen in the readiness with which they 
Sorts of shapes. Their compressibility is established by the fo 
‘experiment. 

92, Compressibility of Nquids.— From the experiment of the Pi 
tine Academicians (13), liquids were for a long time regarded. ax” 
completely incompressible. Since then, researches have been 
this subject by various physicists, which have shown that liqui 
really compressible, 

‘The apparatus used for measuring the compressibility of liqui 
been named the piezometer (mitw, 1 compress, pirpox, MeAsUte). 
shown in fig. 49 ts the form invented by Oersted as improved By 
Despretz and Saigey; it consists of a strong glass cylinder, 
thick sides and an intermal diameter of about 3$ inches. The 
the cylinder is firmly cemented into a wooden foot, and on its upp 
is fitted a metalile cylinder closed by a eap which can be unse} 
this cap there is a funnel, R, for introducing water into the cylinder) 
a small barrel hermetically closed by a piston, which is moved. 
screw, P. 





_and the pressure exerted upon 

iy and the air; in consequence of 
‘tube, B, and also in the capillary tube. 
tube shows that the liquid in the 

and gives the amount of itsvompres- 


o'00005, and ether a compression of 





For water and mercury \t was also found that within certain limits 
decrease of volume is proportional to the pressure. 

‘Whatever be the pressure to which a liqu id has been subjected, 

nt Shows that as soon as the pressure is removed the, 
its original volume, from which it is concluded that déguidls are 
elastic, 

93- Rquality of pressures, Pascal's law. —Iiy considering liquids, 
periectly fluid, and assuming them to be uninfluenced by the action ¢ 
gravity, the following law has becn established, It is often called P 
Taw, for it was first enunciated by him. 

Pressure exerted anywhere upon a mass of liquid is tranrmittesd: 
nitked én ald directions, and acts with the same force on all eguat. 
and in a direction at right angles to those su 

‘To get a clearer idea of the truth of this principle, Jet us conc 
‘vessel of any given form in the sides of which are placed various ¢ 

drical apertures, all of the same size, and 
by moveable pistons, Let us, further, 
this vessel to be filled with liquid and 
from the action of gravity ; the pistons’ 
viously, have no tendency tomove. Ifno 
the piston A (fig. 50), which has a su 
weight of P pounds be placed, it will be pres 
inwards, and the pressure will be transmit 
the internal faces of each of the piston iy C 
and E, which will cach be forced o 1 
pressure P, their surfaces being oa to tt 
the first piston, Since each of the piston 
dergoes a pressure P, equal to that on A, 
suppose two of the pistons united so as to constitute a surface 2a) 
have to support a pressure 2P, Similarly, if the piston were equal t 
it would experience a pressure of 3P ; and if its area were 100 oF & 
times that of a, it would sustain a pressure of too or 1,000 times Py 
other words, the pressure on any part of the internal walls of the 
‘would be proportional to the surface, 

‘The principle of the equality of pressure is assumed as a consey 
‘of the constitution of fluids. By the following experiment it can be si 
‘that pressure is transmitted in all directions, although it cannot be} 
that it is equally transmitted. A cylinder provided with a piston 188 
into a hollow sphere (fig, 51), in which small cylindrical jets are 
perpendicular to the sides. ‘The sphere and the cylinder being bo 
with water, when the piston is moved the liquid spouts forth from 
orifices, and not merely from that which is opposite to the piston. 

The reason why a satisfactory quantitative experimental dem 
of the principle of the equality of pressure cannot be given is, 
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in the mass of a liquid which at different points. These 
arcavuenndd is ths flovtag gence! laws -— 

1, Tike pressure in cack layer is proportional to the depth, 

LL. With different tiqwids and the same depth, the pressure is 
tonal to the density of the lignid, 

U1, Tae pressure is the same at alt points of the same herisontal 

‘The first two laws are self-evident ; the third necessarily follows 
Bee metis Pascal’s principle, 

5. Vertical upward pressure.— The pressure which the om 
ayes of a liquid exert on the lower layers causes them to exert an 
reaction in an upward direction, a necessary consequence of the princ! 
of transmission of pressure in all directions. This upward pressure i 
termed the dmerency of liquids; it is very sensible when the hand & 
plunged into a liquid, more especially one of great density, like mercury= 

The following experiment (fig. 53) serves to exhibit the Eee | 

pressure of liquids, A lange open glass cele 
A, one end of which is ground, is fitted witt 
a ground glass disc, O, or still better with 
thin card or piece of mica, the weight of whic: 
may be neglected. To the disc is fitted 
string, C, by which i¢ can be held against 
bottom of the tube. The whole fs then ine 
mersed in water,and now the dise does not fal 
although no longer held by the string; it} 
consequently kept in its position by the 
pressure of the water. If water be now Slow 
poured into the tube, the disc will only 
when the height of the water inside the tube 
equal to the height outside. It follows 
thar the upward pressure on the dise is equal 
the pressure of a column of water, the base of which is the internal 
tion of the tube A, and the height, the distance from the dise te the 
surface of the liquid. Hence the upward pressure of liguids at any. 
ix governed by the same laws as the downward pressure. 

9. Pressure is independent of the shape of the r" 
pressure exerted by a liquid, in virtue of its weight, on any portion of Ut 
liquid, or on the sides of the vessel in which it is contained, depends: 
the depth and density of the liquid, but é éidicpendent of the 
the vessel anid of the quantity of the ligutd. 

This principle, which follows from the law of the equality of 
may be experimentally demonstrated by many forms of apparatus, 

fowing is the one most frequently used, and is due to Haldat 
consists of a bent tube, ABC (fig. 54), at one end of which, A, ts 
sop-cock, in which can be screwed two vessels, M and P, of the 
height, but different in shape and capacity, the first being conical, 
the other nearly cylindrical, Mercury is poured into the tube, 
until its level nearly reaches A. ‘The vessel M is then screwed on 
Slled with water. The pressure of the water acting on the 





= 
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same result is obtained if, instead of the vertical tube P, the oblique 
be screwed to the tubulure, 











Figs a5 


From a consideration of these principles it will be readily seen 
a very small quantity of water can produce considerable pressures. 
us imagine any vessel, a cask, for example, filled with water and with 
Jong narrow tube tightly fitted into the side. i 
tube, there will be a pressure on the bottom of the cask equal to @ 
weight of a column of water whose base is the bottom itself, and wholt 
height is equal to that of the water in the tube, ‘The pressure may! 
made as great as we please ; by means of a narrow thread of water 
feet high, Pascal succeeded in bursting a very solidly constructed 
‘The toy known as the Aydrostatic bellows depends on the same 
ciple, and we shall presently sce a most important application of it fa) 
hydraulic press. 
From the principle just laid down, the pressures produced at 1 
bottom of the sea may be calculated, It will be presently demons 
that the pressure of the atmosphere is equal to that of a columal 
seawater about thirty-three feet high, At sea the lead has freque 
nx descended to a depth of thirteen thousand feet; at the bottom of 
seas, therefore, there must be a pressure of four hundred atmospheres 
O7 Pressure om the if vessels.—Since the pressure 4 
gravity in the mass of a liquid is transmitted in every direction, 
to the general law of the transmission of fluid pressure, it follows 
every point of the side of any vessel a pressure is exerted, at right at 
to the side, which we will suppose to be plane, ‘The resultant of all 
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pressure exerted an the bottom of the vessel is not all tan Ss 
Seale MIN ; for the wpeard pressure npon the surface ma 6 TB: 
precisely equal to the weight of the extra quantity of water wl 
cylindrical vessel would contain, and balances an equal portion of 
dewnward pressure on m. Consequently, the pressure on the plate 

is simply equal to the weight of the vessel CD and of the water which) 
‘contains. 


CONDITIONS OF THE EQUILIBRIUM OF LIQUIDS. 


99. Bquilibrium of a liquid in a single vesset.—In order #i 
a liquid may remain at rest in @ vessel of any given form, it must 
the two following conditions :— 

1. Its surface must be, everywhere, perpendicular to the resultant of: 
Jorces which act on the molecules of the lignid. 

IL Every motecale of the mass of the tiguidd must be subject in 
lirection £0 equal and contrary pressures, 

‘The second condition is self-evident ; for if, in two opposite dix 
the pressures exerted on any given molecule were not equal and co 
the molecule would be moved in the direction of the greater pr 
and there would be no equilibrium, Thus the second condition fo 
from the principle of the equality of pressures, and from the 
which all pressure causes on the mass of liquids, 

To prove the first condition, let us suppose that mf is the resultant 
all the forces acting upon any molecule won the surface (fig. 57h 
that this surface is inclined in reference to the force mp. The latter @ 

consequently be decomposed into two 
mg and mf; the one perpendicular to the! 
EF face of the liquid and the other to the direct 
mp. Now the first force, mg, would b 
stroyed by the resistance of the liquid, whi 
second would move the molecule in fhe cf 
1 mf, Which shows that equilibrium fs im 

Brprenteg be vie donee nctiay ont ae Tigi, the direction mp'ls 
hence, if the liquid is contained i in or vessel of swnall es 
surface ought to be plane and scam (62), because then the d 
of gravity is the same in every point, But the ease is different 
liquid surfaces of greater extent, like the ocean. The surface will B 
perpendicular to the direction of gravity; butvas this changes fram: 
point to another, and always tends towards a point near the centre of | 
earth, it follows that the direction of the surface of the ocean will ch 
also, and assume a nearly spherical form. 

100. Hquilibrium of te same liquid in several 
vesseis.—When several vessels of any given form communi 
cach other, there will be equilibrium when the liquid in each vessel: 
fies the two preceding conditions (99), and further, when the surfing 
the liguids in atl the vessels are fn the same hertrontal plane, 

* Inthe vessels ABCD (fig. 58), which communicate with each: otf 


cn 
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the mercury at 'B, lowers its level in the leg AW, and raises it ia 






other by a quantity, CD ; so that if, when equiliteium is established, 
imagine a horizontal plane, BC, to pas 
through B, the column of water in AE 
will balance the column of mereury CD 
If the heights of these two columns an 
then measured, by means of the scales 
it will be found that the height of thi 
column of water is about't34 times tha) 
of the height of the column of mercury 
‘We shall presently see that the density 
of mercury is about 13} times that o| 
water, from which It follows that the 
heights are Inversely as the densities 
It may be added, that the equilibrium 
cannot exist unless there is a sofe 
cient quantity of the heavier liquid fo 
5 part of it to remain in deel legs of thy 
Hie: t- tube. 

‘The preceding principle may be deduced by a very simple calculation 
Let d and a” be the densities of waterand mercury, and 4 and A’ thes 
respective heights, and Iet xr be the foree of gravity. The pressure an E 
will be proportional to the density of the liquid, to kts helght, and to tht 
force of gravity ; on the whole, therefore, to the product diy. Stmilarly, 
the pressure at C will be proportional to @’/‘g. But in order to 
equilibrium, aig must be equal to @A’z, or d= a’, This is nothing 
more than an algebraical expression of the above principle; for since the 
te products must always be equal, @ must be 2s many times greater than 
wf, a8 A” is less than A, 

In this manner the density of a liquid may be determined. Suppose oné 
of the branches contained water and the other oil, and their heights werm 
respectively 15 inches for the oil, and 14 inches for the water. Tht 
Jensity of water being taken as unity, and that of oil being called =, 
shall have 
“ 
a) 


Ignxe tant; whence x = 3. 





APPLICATIONS OF THE PRECEDING HYDROSTATIC PRINCIPLES, 


103. Hydraulic pross.—The law of the equality of pressure has re 
ceived a most important application in the Aydraulie press, a machin 
by which enormous pressures may be produced. Its principle is duet 
Pascal, but it was first constructed by Bramah in 1796. 

It consists of a cylinder, B, with very strong thick sides (fig. 60), 4 
which there is a cast iron ram, P, working water tight in the collar of th 
cylinder. On the ram P there is a cast iron plate on which the substane 
to be pressed is placed. Four strong columns serve to support and fix 
second plate, Q. 






is of Hydrostatic Principles, 
fm Ieaden pipe, K. the cylinder, B, which is filled wich 
snenicates witha small force pump, A, which works by means of 


Phen the piston of this pump # ascends, a vacuum is pro- 





Fises in the tbe a, at the end of which there is 
entrance of forcign matters. When the piston 
water into the cylinder by the tube K. 







Fig. 1. 
‘& Section, on a larger scale, of the system of valves 
“the apparatus, The valve a, below the piston 4, 
"3 























with oil 
fa " 
that a section of it represents a n 
and is Se aa 
tion as the pressure increases it fits the more tightly against the r 
‘on one side and the neck of the cylinder on the other, and q 


upward pressure on the large piston will be fifty or a 
that exerted upon the small one. By means of the lever M an adk 
advantage is obtained. If the distance from the fulcrum to t 
where the power is applied is five times the distance from the 
the piston f, the pressure on will be five times the power, 
aman acts'on M with a force of sixty pounds, the force t 
‘the piston g will be 300 pounds, and the force which tends ti 
piston P will be 3.000 pounds, ‘supposing the section of Pisa hend 
times that of f. 7 

‘The hydraulic press is used in all cases in which great p 
required, It is used/in pressing cloth and paper, in extracting: 
of beetroot, in expressing oi! from seeds, and in curving iron 


machine, the largest which has ever been constructed, was nine fe 
and twenty-two inches in intemal diameter ; it was capable of 
weight of two thousand tons. 
104. ‘Water level.—The water fevel is an application of thee 
of equilibrium in communicating vessels. It consists of a 
sbent at both ends, in which are fitted glass tubes Dand FE (f 
is, placed on a tripod, and water poured in until it rises in b 








rill en enpaiiel ve ai 
Css eae ‘be placed in a horizontal position. 

106, Artesian wells,—All natural collections of water 
ease of water to find its Ievel. ‘Thus, a group of lakes, 
great lakes of North America, may be regarded as canbe Orrell 
‘communication, and consequently the waters tend to maintain the sume 
level in all, This, too, is the same with the source of a river and the st 
and ag the latter is on the lower level, the river continually flows dows 
to the sea along its ded, which Js, in fact, the means of communication 
‘between the two. 

Perhaps the most striking instance of this class of natural phenomend 
is that of artesian wells, These wells derive their name from the pro 
vince of Artois, where it has long been customary to dig them, and i 
whence thelr use in other parts of France and Europe was derived. 
seems, however, that at a raleltci eb ipr aren 
dug ih China and Egypt. 


To understand the theory of these wells, it must be premised that 
strata composing the earth’s crust are of two kind: 
to water, such as sand, gravel, etc, ; the others smpermeable, such 
clay, Let us suppose, then, a geographical basin of greater or less) 
tent, in which the two impermeable layers AB, CD (fig. 66), 
between them a permeable layer KK. ‘The rain-water falling on the 
of this layer which comes to the surface, which is called the ouferap, 
filter through it, ard following the natural fall of the ground will 
in the hollow of the basin, whence it cannot escape owing to thei 
able strata above and below it. If now a vertical hole I be sunk 
to the water-bearing stratum, the water striving to regain its level 
spout out to a height which depends on the difference between the’ 
of the outcrop and of the point at which the perforation is made. 

The waters which feed artesian wells often come from a di 
sixty or seventy miles, ‘The depth varies in different places. “The | 
at Grenelle is 1,800 feet deep ; it gives 656 gallons of water in a 
and is one of the deepest and most abundant which have been made, The 
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composed of a hernisphere of iron and another of wood, its centre” 
gravity would not coincide with its geometrical centre; but if it were 
placed under water, the centre of gravity of the displaced water would be 
at the geometrical centre, that is, will have the same position ax thi 
centre of gravity of the sphere if of uniform density. 

108. Principle of Archimedes,—The preceding principles prove that 
every body immersed in @ liquid is submitted to the action of two forces; 
gravity which tends to lower it, and the buoyancy of the liquid which 
yends to raise it with @ force equal to the weight of the liquid displaced, 




















Figs 8 


‘The weight of the body js either totally or partially cvercome by thie 
buoyancy, from which it is concluded that a dedy fmnversed in @ 
doses & part of its weight equal to the weight of the displaced liguids 

‘This principle, which is the basis of the theory of immersed and flea 
ing bodies, is called the principle of Archimedes, after the discoverer, It) 
may be shown experimentally by means of the Aydrostatic balance (fig. 63 


‘This is an ordinary balance, cach pan of which is provided with a/hookg 
the beam can be raised by means of a toothed rack, which is worked by 
a litde pinion, C. A catch, D, holds the rack when it has been raised 
The beam being raised, a hollow copper cylinder, A, is suspended to one 
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with reference to the subject of the present article, to speak of the line 
CG produced as the axis of the body. 

Next let it be enquired whether the equilibrium be stable or unstable: 

Suppose the body to be tumed through a small angle (fig. 70) so thal 
the axis takes a position inclined to the vertical. The centre of ea 

of the displaced fluid will no longer be G, but some other point G'. 

since the fluid pressure acts vertically upward through G’, its di 

will cut the axis In some point M’, which will generally have different 

positions according as the inclination of the axis to the vertical is greater 

or smaller. If the angle is indefinitely small, M’ will have a definite 

position M, which always admits of determination, and is called the 

metacentre, 

If we suppose M to be above C, an inspection of fig. 71 will show that 
when the body hns received an indefinitely small displacement the weight 
of the body W and the resultant of the fluid pressures R tends to bring 
the body back to its original position, that this case the equilibrium 
is stable (65). If, on the contrary, M is below C, the forces tend to cause 
the axis to deviate farther from the vertical, and the equilibrium is um 
‘stable, Hence the rule, 

Mil, The equilibrium of a Noating body is stable or unstable according a 
the metacentre és above or betore the centre of gravity. 

‘The determination of the metacentre can rarely be affected except by 
aeans of a somewhat difficult mathematical process, When, however, 
the form of the immersed part of a body is spherical it can be readily 
determined, for since the fuid pressure at cach point converges to the 
centre, and continues to do so when the body is slightly displaced, their 
sesultant must in all cases pass through the centre, which is thercfore the 
metacentre, To Illustrate this ; let a spherical body float on the surface of 

a liquid (fig. 72), then its centre of gravity and 

P the metacentre both coinciding with the geome= 

trical centre C its equilibrium is neutral 

now suppose a small heavy body to be 

tened at P, the summit of the vertical dite 

meter. The centre of gravity will now be 

at some point G above C. Consequently, the 

equilibrium is unstable, and the sphere, left to 

itself, will instantly turn over and will rest when 

P is the lower end of a vertical diameter, 

On investigating the position of # 

centre of a cylinder, it is found that when the ratio of the radius to 
height is greater than a certain quantity, the position of stable equilibrium | 
is that in which the axis is vertical ; but if it be less than that quantity, 
the equilibrium is stable when the axis is horizontal, For this reason the 
stump of a tree floats lengthwise, but a thin of wood floats flat on the 
water. 

Hence, also, if it is required to make a cylinder of moderate length float 
‘with its axis vertical, it 1s necessary to load it at the lower end. By so 
doing its centre of gravity is brought below the metacentre, 
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+ determination of the metacentre aad of the centre of gravity is of 
importance in the stowage of vessels, for on their relative positions 
ability depends. 

, Cartesian diver.—The different effects of suspension, immersion, 
cating are reproduced by means of a well-known hydrostatic toy, 
artesian diver (fig. 73). It consists of a glass cylinder nearly full of 
on the top of which 2 brass cap, provided with a piston, is herme- 
fitted. {n the liquid there is a little porcelain figure attached to 
ow glass ball a, which contains air and water, and floats on the 
e. In the lower part of this ball there is a little hole by which 
can enter or escape, according as the air in the interior is more or 
mmpressed. The quantity of water in the globe is such that very 
nore is required to make it sink. If the piston be slightly lowered, 
r is compressed, and this pressure is transmitted to the water of 
ssel and the air in the bulb. The conse- 
eis, that a small quantity of’ water pene- 
into the bulb, which therefore becomes 
wt and sinks. If the pressure is relieved, 
+ in the bulb expands, expels the excess of 
which had entered it, and the apparatus 
now lighter, rises to the surface. The ex- 
:nt may also be made, by replacing the 
cap and piston by a cover of sheet india 
+, which is tightly tied over the mouth : 
:his is pressed by the hand the same effects, 
oduced. 

Diadder of fishes.—Most 
have an air-bladder below the spine, which 
ed the swimming bladder, The fish can 
‘ess or dilate this at pleasure by means of a 
lar effort, and produce the same effects as. 
just described—that is, it can either rise 
‘sin water. 

‘Swimming —The human body is lighter, 
+ whole, than an equal volume of water; 
sequently floats on the surface and still 
in sea-water, which is heavier than fresh 
The difficulty in swimming consists net 
ch in floating, as in keeping the head above 
so as to breathe freely. In man the head is heavier than the lower 
and consequently tends to sink, and hence swimming 1s an art 
requires to be learned. With quadrupeds, on the contrary, the 
>eing less heavy than the posterior parts of the body, remains above 
without any effort, and these animals therefore swim naturally. 





SPECIFIC GRAVITY—HYDROMETERS. 


. Determination of specific gravities.—It has been already 
aed (2a) thatthe specige gravity of body, whether solid of liquid, 


fi ’ . 
On Liquids, — 

is the number which expresses therelation of the weight of a 

‘of this body, to the weight of the same volume of distilled wat 

temperature of 4%, In order, therefore, to caleulate the mapecite yr 

a body, it is sufficient to determine its weight and that of an equal vo 

ef water, and then to divide the first weight by the second : the q 

38 the specific gravity of the body, 

. Three methods are commonly used in determining the specific 

‘ef solids ard liquids. These are, tst, the method of the hyd 

balance; 2nd, that of the hydrometer ; and 3rd, the specific gravity’ 

All three, however, depend on the same principle, that of first as 

ing the weight of a body, and then that of an equal volume of 

We shall fiest apply these ‘methods to determining the specific gr 

solids, and then to the specific gravity of liquids. 4 

115. Specific gravity of solids,—i, //ydrestatic balence. To obt 

the specific gravity of a solid by the hydrostatic balance (Gg. 68), it 
first weighed in the air, and is then suspended #3) 
‘the hook of the balance and weighed in water: 
74). The loss of weight which it exj t 
according to Archimedes’ principle, the weight 
a volume of water equal to itsown volume; Cot. 
sequently, dividing the weight in air by the loss 
weight in water, the quotient is the specific; t 
required. If P is the weight of the 
its weight in water, and D its specific 
P—P’ being the weight of the displaced 


P 
have D= 5. Pr 

It may be observed that though the 
performed in air, yet, strictly speaking, the quant 
required is the weight of the bedy ¢a waewa, 
when great accuracy is required, ft is r 


apply to the observed weights a correction ford 
weights of the unequal volumes of air displact 
the substance, and the weights in the other sail 
pan.f' It may also be remarked that the water in which bodies am 
‘weighed is, strictly speaking, distilled water at a standard temy 


tallic cylinder B (fig. 75), 

The object of the latter is to bring the centre of gravity below the 
centre, so that the cylinder may float with its axis vertical, At the top 
4 Stem, terminated by 2 pan, in which is placed the substance 1 
specific gravity is to be determined: On the stem a standard po 
marked. 

‘The apparatus stands partly out of the water, and the first step 
ascertain the weight which must be placed in the pan in order tam 
the hydrometer sink to the standard point 0. Let this weight b 
grains, and let sulphur be che substance whose specific gravity: 
determined. ‘The weights are then removed from the pan, and 


| 








turpentine, of naphtha, the specific gravity of which is known. 
specific gravity is obtained by multiplying 
experiment by the specific gravity of the liquid used for the deter 


nation. 


Suppose, for example, a determination of the specitic gravity of pots 
has been made in naphtha, For equal volumes, P represents the 
a potassium, P’ that of the naphtha, and P’ that of wate 


jill be the specific gravity of the substance in reference to nabbed 





P 


of these two fractions P 


with water, 


Eine specific gravity of the naphtha In reference to water. The) 


is the specific gravity of the substance 


In determining the specific gravity of porous substances, they al 
varnished before being immersed in water, which renders them impes 
vious to moisture without altering their volume. 


Specific gravity of solids af sero as compared with ail OE a C 


Platinum, rolled « 221069 





i ee 20°337 
Gold, stamped». 195362, 

cast ~ = 19258 
Lead,cast. 211352 
Silver, cast. = 10474 
Bismuth, cast +e 9833 
Copper, drawn wire): 8878 

wy cast, + 8788 
Brass 2 85385 
Steel, not hammered « + 7816 
Tron, bar. - «77788 
» cast. " 77207 
Tincast » s+ 7291 
Zinc, cast. + + « 6861 
Antimony, cast... G71 
Diamonds 3°530 to 3501 
Flintglass. . «© « 3'529 









‘Statuary marble . 
Aluminium, . 
Rock crystal. 
St. Gobin glass 
China porcelain . 
Savres porcelain 

Native sulphur. 
Ivory . s 
Anthracite. 
Compact coal. < 
Amber, < 
Melting ice e 
Beech . 


Yellow pine 
Common poplar . 
Come. us 























28 In mineralogy the specific ra 
stretive character. By means of ta 
fa body may be calculated when its \ 
Jume when its weight is k 
1 the last-mentioned use cf these tat 
ent of the connection ¢ 
city, and weight. It w: 
ine that which exists be 
ince other measures st 
vard, consisting of 36 inches, m 
‘Though it is essentially an ar! 

by this, that the simple pendutum 
ean second at London on the sea k 
‘i-m contains 277°274 cubic inches. A 
vo} tg staadard temperature weighs 10 pounds av 
: sss. or which comes to the same thing, one 




























‘ ne length of a quadrant of the meridiat 
z soa, nt The meter contains 10 decimeters, ¢ 
eters, its length equals 10936 yard 

is the ite or cubic decimeter, ‘Th 


























¥C. The gramme ¢ 


© centimeters (or decimeters) in ac 
‘4°, and P its weight in grammes ;or 
V. Now consider a substance whose 
< centimeter of this substance will wei 
of water, and therefore V centimet: 
much as DV centimeters of water. 1 
stance in grammes we have P= DV 
bic inches, and P the weight in grair 














sae T " 
Sample. we may calculate the internal diameter of a glass 





Flere 
is so constructed that it sinks in 
‘apolnt A, which is marked zero, 
hty-five parts of water is made, 
It sinks to a certain point on the 
between A and B is divided 
the 


‘a plece of paper in the interior of 


‘only serves for liquids of a greater 
acids and saline solutions, For 


un must he adopted. Beaumé 
ratus sank in a solution of 10 
he took the level in distilled 
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‘The gradiation of these hydrometers is entirely conventional, 
give neither the densities of the Lormibndalle a « dissolved. 
they are very uscful in making mixtures or solutions in given p 
tions, the results they give being sufficiently near in the~ majo 
cases. For instance, it is found that a well-made syrup marks 
Beaumés hydrometer, from which a manufacturer can readily jud 
whether a syrup whieh is being evaporated has reached the proper: 
of ape 

3. Gay-Eussae's alecholometer.— This instrument is 
fibjessoae the strength of spirituous liquors ; that is, the p 
pure alcohol which they contain. It differs from Beaure’s hydro 
in « graduation, 

‘Mixtures of absolute alcohol and distilled water are made, 


stem is level with the water, and this p 

in absolute alcohol, which marks 100°, and then successively in 3 

‘of different strengths, containing 10, 20, 30, ete., percent. The 4 mn 
thus obtained are not exactly equal, but their difference is not great, 
they are subdivided into ten divisions, cach of which marks ome per off 
of absolute alcohol in a liquid, Thus a brandy in which the 


meter stood at 48°, would contain 43 per cent. of absolute alcohol, 
rest would be water. 

All these determinations are made at 15° C,, and for that tempers 
only are the indications correct. For, other things being the sae 
temperature rises the liquid expands, and the alcoholometer 
and the contrary, if the temperature falls, To obviate this error, 
Lussac constructed a table which for each percentage of alcohol gi 
the reading of the instrument for cach degree of temperature froin a 
to 0°, When the exact analysis of analcoholic mixture Is to be made, 
temperature of the liquid is first determined, and then the point to 
the alcoholometer sinks in it. The number in the table corres, 
these data indicates the percentage of alcohol, From its giving the 
centage of alcohol, this is often called the censesimat aleoholometer. 

124. Salimeters.—Sa/imeters, or instruments for indicating the 
centage of salt contained:in a solution, are made on the princi 
the centesimal alcoholometcr. They are graduated by immersing i 
in pure water, which gives the zero, and then solutions con 
Gifferent percentages, §, 10, 20, ete., of the salt, and markin 
seale the corresponding points. ‘These instruments are so far ob 
able, that every salt requires a special instrument. Thus ene 
ated for common sult would give totally false indications in a so 
nitre, 

Lattometers and vinometers are similar instruments, and are 
measuring the quantity of water which is introduced into milk or 
the purpose of adulteration, Dut their use is limited, d 
of these liquids is very variable, even when they are perfeetly m: 
and an apparent fraud may be really due to a bad natural quantity of 


= 















On Liquids, 


being horizontal, becomes slightly concave (fig-80). If, an the © 

the solid is one which is not moistened by the liquid, as glass by 1 

the liquid is depressed against the sides of the solid, and assumes 

shape, a8 represented in fig. 81, ‘The surface of the liquid : 
same concavity or convenity against the sides of a vessel in which (e 
contained, according as the tides are or are not moistened by the lig 








Vig be Te 


‘These phenomena are much more apparent when a tube of small di 
meter is placed in «liquid. And according as the tubes are or are 
moistened by theliquid, an ascent or a depression of the liquid is produa 
which is greater in proportion as the diameter is less (figs. $2 and $3). 

When the tubes are moistened by the liquid, its surface assumes | 
form of a concave hemispherical segment, caJled the comcave 
(fig. 82); when the tubes are not moistened, there is cowter 
(fig. 83). 

127, Zaws of the ascent and deprossion in 
Gay-Lussac has shown experimentally that the elevation and depressil 
of liquids in capillary tabes are governed by the three following laws = 

L. When a capillary tube is placed in a liquid, the liquid ix 
depressed according as it dove ov docs wot moisten the tube, 

LL, For the same liquid the dlevation varies inversely a3 the 
the tube, when the diameter does not exceed two millimeters, 

Ul. The elevation varies with the nature of the tignid, and mith iM 
temperature, but t indépendent of the mature and thicknest of the t 

‘These laws hold good fi vacwo ag well as in air, 

When liquids are in tubes which they do not moisten, the depres 
is in the inverse ratio of che diameter of the tubes ; but for thes ef i 
same diameter the depression depends on the substance of the 
For instance, in an iron tube t millimeter in diameter, the d 
mercury is 1226 millimeter; but in a platinum tube of the same diame 
the depression is 0655 millimeter. Moreover, the depression depen 
the height of the convex meniscus of the mercury, and this height 
for the same tube, according as the meniscus is formed during an ass 
ing or descending motion of the mercurial column in the tube, 
results undergo modification if the mercury is impure. 

128. Ascent and depression between paraliel or inclined 
—When two bodies of any given shape are dipped in water, 
capillary phenomena are produced, provided the bodies are suffic 
near, If, for example, two parallel glass plates are immersed in 


Fig br 
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depends on the relation between the attraction of the solid for the 
and of the mutual attraction between the molecules of the liquid. 

Let om be a liquid molecule (fg. 87) in contact with a solid. 
molecule is acted upon by three forces : by gravity, which attracts 5 
the direction of the vertical mP; by the attraction of the liquid F, 
acts in the direction mF; and by the attraction of the plate 4, which 
exerted in the direction mz, According to the relative intensities of the 
forees, their resultant enn take three positions :— 











Fig, by Fie 36 Fig. 5 


i, The resultant is in the direction of the vertical wR (fg. Sy). nt 
case the surface m is plane and horizontal ; for, from the conditios off 
equilibrium of liquids, the surface must be perpendicular to the f 
which acts upon the molecules. 

ii, If the force » increases or F diminishes, the resultant R ic wil 
the angle vP (fig. 88): in this case the surface takes a pe. | 
pendicular to mR, and becomes concave, 

i. If the force F increases, or » diminishes, the resultant R takesm 
direction mK (Gg. 89) within the angie PmF, and the surface becornit 
perpendicular to this direction is convex. : 














ry pli ena 
nor depression of a liquid in a capillary tube depends on 
yor convexity of the meniscus, In a concave meniscus, 
(fig, 90), the liquid molecules are sustained in equilibrium by the fare 
Beting on them, nd they excise no downward pressure on ‘the infes} 





Vig. po Vig. or. 


layers. On the contrary, in virtue of the molecular attraction, they 
on the nearest inferior layers, from which it follows that the pressure! 
any layer, mn, in the interior of the tube, is less than if there were 
meniscus, ‘The consequence is, that the liquid ought to rise in the: 
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M. Dutrochet, who first drew attention to these 
the well illustrated by means of the 


water, ‘The liquid is found gradually 
tise in the tube, to a height which 
attain several inches ; at the same 
the level of the liquid in which the enda 
‘mometer is immersed becomes lower. 
follows, therefore, that some of the 
ternal liquid has passed through 
membrane and has mixed with the 
ternal liquid. ‘The external Tela wa 
over is found to contain some of 
internal liquid. Hence two currents 
been produced in opposite directi 
‘The flow of the liquid towards Chat 
increases in volume {s endarmase, and 
current in the opposite direction ts 
mose. 1f water is placed in the ba 
immersed in syrup, endosmose is 
duced from the water towards the 
and the liquid in the interior d 

in volume while the level of the exteria 
is raised. 

‘The height of the ascent in the endosmometer varies with dif 
liquids, Of all vegetable substances, sugar is that which, for the 
density, has the greatest power of endosmose, while albumen hat 
highest power of all animal substances. In general, it may be said. 
endosmose takes place towards the denser liquid. Alcohol and @ 
form an exception to this : they behave lile liquids which are denser 
water, With acids, according as they are more or less dilute, the: 
mose is from the water towards the acid, or from the acid towards: 

According to Dutrochet, it is necessary for the production of endéa 
mose: i. that the liquids be different but capable of mixing, as aloohe 
and water; there is no endosmose, for instance, with water and 
ii, that the liquids be of different densities; and iii, that the 
must be permeable to at least one of the substances, 

The current through thin inorganic plates is fechle, but contine 
while organic membranes are rapidly decomposed, and endosmase 

ast 


es. 
‘The well-known fact that dilute alcohol kept in a porous 
becomes concentrated, depends on endosmose, If a mixture of 
and water be kept for some time in a bladder, the volume ditni 
but it becomes much more concentrated. ‘The reason, doubtless, 
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effected by diffusion, Thus bisulphate of potassium is decomposed it 
free sulphuric acid and sulphate of potassium. | 

. If liquids be dilute a substance will diffuse into water, containing 4 
other substance dissolved as into pure water; but the rate is mater 


recluced if a portion of the diffusing substance be already present. 
‘The following table gives the approximate times of equal diffusion > 


Hydrochloric acid . «+. 40 Sulphate of magnesiam . 
Chloride of sodium + » 33 Albumen » «© «4 @ 
Suge | CCC Ot Caramel’ = came 





; 
“4 
a 

It will be seen from the above table that the difference between 
rates of diffusion is very great, Thus, sulphate of magnesium, one of th 
loast diffusible saline substances, diffuses 7 times as rapidly as albume 
and 14 times as rapidly as caramel. ‘These last substances, like hydiie 
silicic acid, starch, dextrine, gum, etc., constitute a class of subst 
which are characterised by their incapacity for taking the crystalline 
and by the mucilaginous character of their hydrates. Considering 
tine a9 the type of this class, Graham has proposed to call them 
(eiskn, glue), in contradistinction to the far more casily diffusible 
doid substances. 

_ Graham has proposed a method of separating bodies based on 
unequal diffusibility, which he calls déalysis, His déalyser consists: 
ring of gutta percha over which is stectched while wet a sheet of 
ment paper, forming thus a vessel about two inches high and ten i 
in diameter, the bottom of which is of parehment paper. After 
in the mixed solution to be dialysed, the whole is floated ona 
containing a very large quantity of water, In the course of one or| 
days & more or less complete separation will have been effected. 
solution of arsenious acid mixed with various kinds of food readily 
out. 

‘The process has received important applications to laboratory 
pharmaceutical purposes, 

For further information on this subject the student is referred toa 
complete article on the diffusion of liquids in the third yolume of 
Dictionary of Chemistry. 

13$. Budosmose of gases.—The phenomena of endosmose are 
in a high degree in the case of gases, When two different gases are} 
parated by a porous diaphragm, an exchange takes place between 
and ultimately the composition of the gas on both sides of the dit 
is the same ; but the rapidity with which different gases diffuse Into 
other under these circumstances varies considerably. ‘The laws 
lating this phenomenon have been investigated by Graham, Numer 
experiments illustrate it, two of the most interesting of which are the: 
lowing :— 

A glass cylinder closed at one end is filled with carbonic acid 
open end tied over with a bladder, and the whole placed under a jar 
hydrogen, Diffusion takes place between them through the porous 
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being equal, 
different densities require times inversely propo : 
i, With tudes of ogual diameters, the volume transpired in epual ti 
is inversely as the length of the tube. 
fii, As the temperature rises the transpiration becomes slower. 
tvs The rate of dranspiraton is ndependent of tke aorta of ie 


for Tiquids and gases, while imbibition is rendeed to liquids, 


In physiology an important distinction is made between the two 
absorption means the penetration of a foreign substance into the ti 
of aliving body, while imbibition refers to penetration into bodies dey 
of life, whether organic or not. 

136. Adsorption of guaes,—The surfuces of all solid bodies exmnail 
attraction on the molecules of gases with which they are in contact, 
such a nature, that they become covered with a more or less thick layw 
of condensed gas, When a porous body, which consequently — 
immensely increased surface in proportion to its size, 
foyer mercury, the great diminution of volume which ensues ‘indicate 
considerable quantities of gas are absorbed, 

Now, although there is no absorption such as arises from c 
combinations between the solid and gas (as with’ phosphorus and @ 
gen), still the quantity of gas absorbed is not entirely dependent on 
physical conditions of the solid body; it is influenced in some m 
by the chemical nature both of the solid and the gas. Of all bodics bass 
wood charcoal has the greatest absorptive power. One volime of 1H 
substance at the ordinary temperature and pressure absorbs the ce | 
quantities of gas :— 





Ammonia. . — Govol, Carbonicoxide . ae 
Hydrochloric acid - . 85, Oxygen... 92 
Sulphurous __,, 65, Nitrogen. 2: . hm 
Sulphuretted hydrogen + Sw Hydrogen i Va - £75 
Carbonicacid. + 33 









‘The absorptive power of pine charcoal is half as much as that of 
wood. The charcoal made from corkwood, which is very porous, is 
absorbent; neither is graphite. Platinum, in the finely divided 
known as platinum sponge, is said to absorb 250 times its volume 
oxygen gas. Many other porous substances, such as 
‘sypsum, silk, etc, are also highly absorbent. 

139. Absorption ts plants.— Absorption takes place in all parts of 
plant, bur more especially in the rootlets and by the leaves, 
organs absorb, in the form of water, carbonic acid, and ammonia, 
oxygen, hydrogen, carbon, and nitrogen necessary for the growth of 
plants. 

Liquids, and the salts which they hold in solution, are absorbed by 
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by a double process of capillarity and endosmose. ‘The sap," 

then elaborated by the plant, increasing in density towards the 

art, owes its ascending direction to endosmose. The ascent of 

s also promoted by the vacuum which the exhalations through 

tend to produce. Capillary action can only raise the liquid in 
cells ; it cannot produce a current. 

Deorption in antmais—In the lower animals whose tissues are 
aly of cellules, nutrition is accomplished as in plants by absorp-, 
endosmose. The absorption by which some of these animals 

shed is'in reality endosmose. 

higher animals also absorption is met with. Madder admin- 

> an animal penetrates its bones and colours them red. If a 

im contact with a cutaneous surface from which the epidermis 
removed, or with a mucous meinbrane, both which are very 

the liquid passes into the vessels by endosmose ; this constitutes 


n 
ore liquid a substance, the more readily is it absorbed. At the 
ea liquid must moisten a membrane in order to be absorbed, 
rstances, which do not moisten surfaces, are not absorbed. But 
ird has found that when they are made into an emulsion with’ 
¢ juice, absorption readily takes place. And Dr. Loze has 
observed that codcliver oil, when made into an emulsion, has a 
ugetic action, which doubtless arises from its being more com- 
»sorbed. 

sdosmose, absorption is promoted by heat, and also by depletion. 
‘ious perspiration or loss of blood it also increases. 
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BOOK Iv, 


ON GASES. 





CHAPTER I, 
PROPERTIES OF GASES. 





ATMOSPHERE. BAROMETERS. 


141. Physical properties of gases.—Gases are bodies whose mole 
cules are in a constant state of repulsion, in virtue of which they posses 
the most perfect mobility, and are continually tending to occupy a greater 
space. This property of gases is known by the names expansibili 
tension, or elastic force, from which they are often called elastic fluids. 

Gases and liquids have several properties in common, and some ia 
which they seem to differ are in reality only different degrees of the same 
property. Thus, in both, the particles are capable of moving ; in gases 
quite freely ; in liquids not quite freely, owing to a certain degree 
viscosity. Both are compressible, though in very different degrees; if a 
liquid and a gas both exist under the pressure of one atmosphere, and 
then the pressure be doubled, the water 1s compressed by about the sazisth 
part, while the gas is compressed by one-half. In density there is a great 
difference : water, which is the type of liquids, is 770 times as heavy a8 
air, the type of gaseous bodies, while under a pressure of one atmospherc- 
‘The property by which gases are distinguished from liquids is their ten- 
dency to indefinite expansion, 

Matter assumes the solid, liquid, or gaseous form according to the rela- 
tive strength of the cohesive and repulsive forces exerted between their” 
particles. In liquids these forces balance ; in gases repulsion preponde- 
rates. 

By the aid of pressure and of very low temperatures, the force of co— 

ion may be so far increased in many gases that they are con 
into liquids, and there is every reason for believing that with sufficient 
pressure and cold they might all be liquefied. On the other hand, heaty 
which increases the force of repulsion, converts liquids, such as waters 
alcohol, and ether, into the aériform state in which they obey all the laws 





of gases. This ariform state of liquids is known by the name of vapours 
while gases are bodies which, under ordinary temperature and pressufty 
remain in the aériform state. 

In describing the properties of gascs we shall, for obvious reasons, have? 
exclusive reference to atmospheric air as their type. 
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capacity of the vesnel ‘the increase will 
of that volume of air, cies pe 
By a modification of this method, and with the 
tion of certain precautions, the weight of air and of @ 
‘gases has been determined : 100 cubic inches of 
under the ordinary atmospheric pressure of 30 in. 
at the temperature of 16° C., weigh 31 grains ; the 
volume of carbonic acid gas under the same 
stances weigh 47°25 grains; too cubic inches BER 
Ken the lightest of all gases, weigh 2°14 grains; and 
cubic inches of hydriodic acid gas weigh 146 grains 
‘The ratio of the density of air ato” Gand 30: 
pressure to that of water at 0° C. is found to be 
In other words, the latter is 772 times as heavy as 1 
Wr 
» Pressures exerted by gases —Gases exert 
thelr ewe molecules, and on the sides of vessels 
contain them, pressures which may be regarded « 
two points of view: First, we may neglect a fi | 
Yie ws ‘the gas; secondly, we may take account of its weight 
If we neglect the weight of any gaseous mass at red 
and only consider its expansive force, it will be seen that the ie | 
duc to this force act with the same intensity on all points, both. 
sass itself and of the vessel in which it is contained. For it is a nec 
sary consequence of the elasticity and perfect fuidity of gases, that 
repulsive force between the molecules is the same at all points, and ae 
equally in all directions. This principle of the equality of the pressiiy 
of gases in all directions may be shown experimentally by means of 
apparatus resembling that by which the same principle is demon 
for liquids (fig. 51). 
If we consider the weight of any gas we shall sce that it gives ri 
pressures which obey the same laws as those produced by the 
liquids. Let us imagine a cylinder, with its axis vertical, several mi 
high, closed at both ends and full of air, Let us consider any § 
pottion of the air enclosed between two horizontal planes, ‘This p 
must sustain the weight of all the air above it, and transmit that 
to the air beneath it, and likewise to the curved surface of the c3 
which contains it; and at each point in a direction at right angles tom 
surface, Thus the pressure increases from the top of the column te 
base ; at any given layer, it acts equally on cqual surfaces, and at 
angles to them, whether they are horizontal, vertical, or inclined. 
pressure acts on the sides of the vessel, and on any small surface 
equal to the weight of a column of gas, whose base is this surfaces, m 
whose height its distance from the surnmit of the column, The p 
is also independent of the shape and dimensions of the supposed: 
provided the height remains the same. 
For a sinall quantity of gas the pressures due to its weight are qu 
insignificant, and may be neglected; but for large quantities, like 
atmosphere, the pressures are considerable, and must be allowed for. 
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al we 
(202) that the heights of two columns of 
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liquid in communication with each other are inversely as their di 

and hence it follows, that the pressure of the atmosphere ls equal 
of a column of mercury, the height of which is 30 Inches. If, however, 
the weight of the atmosphere diminishes, the height of the columa 

It Can sustain must also diminish, y 

151. Paseal's experiments.—Pascal, who wished to prove that 

forcs which sustained the mercury in the tube was really the pr 

| of the atmosphere, made the following experiments. |. If it were 
ease, the column of mercury ought to descend in proportion as we ascend 
in the atmosphere. He accordingly requested one of his relations #0 
repeat Torricelli’s experiment on the summit of the Puy de Dime 
Auvergne, ‘This was done, and it was found that the mercurial cola 
was about 5 inches lower, thus proving that it is really the weight: 
the atinosphere which supports the mercury, since, when this wel 
diminishes, the height of the column also diminishes. ii. Pascal 
peated Torricelli's experiment at Rouen, in 1646, with other liquids. 
took a tube closed at one end, nearly 50 feet long, and having Sil 
‘with water, placed it vertically in a vessel of water, and found’ dat 
water stood in the tube at a height of 34 feet: thar is, 13°6 thme 
high as mercury. But since mercury is 136 tines as heavy as wal 
the weight of the colimn of water was exactly equal to that of 
column of mercury in Torricelli's experiment, and it was €o 

the same force, the pressure of the atmosphere, which saccessi 
ported the two liquids. Pascal's other experiments with oil and 
wine gave similar results. 

152, Amount of the atmospheric pressure, — Let us assume that 
tube in the above experiment is a cylinder, the section of which ise 
toa square inch, then since the height of the mercurial cokamn in 1 
numbers is 30 inches, the column will contain 30 cubie inches, and 
cubic inch of mercury weighs 3453'5 grains = 0-49 of a pound, the p 
‘of such a column on a square inch of surface is equal to 14°7 pounds. 
round numbers the pressure of the atmosphere is taken at #5 pound 
the square ine, A surface of a foot square contains 144 square 
and therefore the pressure upon it is equal to 2,160 pounds, or 

@ ton, 

‘A gas or liqaid which acts in such a manner that a square inch 0 
surface is exposed to a pressure, 15 pounds, is called a pressure of 
atmosphere, Vf, for instance, the elastic force of the steam of 
is so great thar each square inch of the internal surface {4 exposed! 
pressure of 90 pounds (=6% 15), we say it is undera pressure of 
atmospheres. 

‘The surface of the body of a man of middle size is about 16 
fect ; the pressure, therefore, which a man supports on the surface 
body is 35,560 pounds, or nearly 16 tons, Such an enormous p 
might seem impossible to be borne; but it must be remembered 
all directions there are equal and contrary pressures which cout 
balance one another. It might also be supposed that the effect of 
force, acting in all directions, would be to press the body together 
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ather, and can be raised or lowered by c 
d ‘that a constant level can be : 
strument is made more portable, For, in travelling, it |s onb 
‘fo raise the leather until the mercury, which rises with it,. 
cistern ; the barometer may then be inclined, and even it 
any fear that a bubble of air may enter, or that the shock of the meres 







Pig. 10% Fig, tom 

Fig. 105 represents the arrangement of the barometer, the tube of 
is placed in a brass case. At the top of this case, there are two lor 
nal apertures, on opposite sides, so that the level of the mercury, 
seen. The scale on the case is graduated in millimcters, An ind 





wy 
m Atthe bottom of the case there is the cistern 


‘details of the cistern on a larger scale. It consists 
fer 4 through which the mercury can be seen: this is 
top by a box-wood disc fitted on the under-surface of the 
‘M. Through this passes the barometer tube E, which is 
‘end, and dips in the mercury ; the cistern and the tube 
‘by a piece of buckskin c, which is firmly tied ate to a 
nthe tbe, and at ¢ to a brass tubulurein the cover of the cis 
mode of closing prevents the mercury from escaping when 
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i inverted, while the pores of the leather transmit the at- 
‘The bottom of the eylinder / is cemented on a bow: 

‘8 a contraction in which, é, 8 firmly tied the buckskin 
base of the cistern. On this skin is fastened a 

hich rests against the end of a screwC. According as 

e direction or the other, the skin mm is raised or low- 


iry. In using this barometer the mercury is first 
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made exactly level with the point a, which is effected by | 
‘screw C cither in'one direction or the other. ‘The graduation of | 
is counted from this point @, and thus the distance of the top B 
calumn of mercury from @ gives the height of the barometer. ‘The! 
‘of the cistern is surrounded bya brass case, which is fastened to the 6 
M by screws, 4, 4, 4 We have already seen (154) the impo 
having the barometer quite vertical, which is effected by the fa 
means, known as Carilan's ruspewsion. 
‘The metal case containing the barometer is fixed in a copper 
hy two screws @and § (fg 107), This is provided with two axles (onl 
one of which, ¢, is seen in the figure), which turn freely in two holes it 
ring Y, Ina direction at right angles to that of the axl 
the ring has also two similar axles, w and », resting on aii 
port Z. By means of this double suspension, the baro 
Can oscillate freely about the axis, mu and 09, in two dine 
saat right angles to each other. But as care is taken th 
point at which these cross corresponds to the tube itself, f 
centre of gravity of the system, which must always be lows 
than the axis of suspension, is below the point of inte 
tion, and the barometer is then perfectly vertical. 
156 Gay-Lussac's syphon barometer,— The »: 
barometer is a bent glass tube, one of the branches of 
is much longer than the other. The longer branch, 
closed at the top, is filled with mercury as in the ci 
barometer, while the shorter branch, which Is open, 
ayacistern, The difference between the two levels 
of the barometer. 
Fig. 108 represents the syphon barometer as modified 
Gay-Lussac, In order to render it more available for i 
yelling by preventing the entrance of air, he joined the 6 
branches by a capillary tube; when the instrument is 6 
verted, the tube always remains full in virtue of its @ 
larity. and air cannot penetrate into the Tonge 
branch, A sudden shock, however, 
separate the mercury and admit s6ine a 
To avoid this, M. Bunten has introduced) 
Ingenious modification into the appara 
The longer branch is drawn out to a fine pe 
and is joined to a tube K, of the form rept 
sented in fig. 109, By this armng 
air passes through the capillary tube it 6 
penetrate the drawn out extremity of the 
branch, but lodges in the upper part of the 
Jargement K. In this position it. does 
affect the observations, since the vacuultt | 
Vip wi Figs. always at the upper part of the tube; it 
moreover easily removed. 
In Gay-Lussac's barometer the shorter branch is closed, but. there | 
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In Gay-Lussac's barometer the two tubes are made of the sam 
meter, s0 that the error caused by the depression in the one ttl 
nearly corrects that caused by the depression in the other, As, ho 
the meniscus in the one tube is formed by a column of mercury 
ascending motion, while that in the other by a column with a 
motion, their heights will not be the same, and the reciprocal 
will not be quite exact. 4 

159. Correction for temperature.—In all observations with 
meters, whatever be their construction, a correction must be 
temperature. Mercury contracts and expands with different 
tures; hence its density changes, and consequently the b 
height, for this height is in the inverse ratio of the density 
mercury; so that for different atmospheric pressures the mo 
column might have the same height. Accordingly, in each ob 
the height observed! must be reduced to a determinate temperature |) 
choice of this is quite arbitrary, but that of melting ice is always: 

Tt will be seen, in the Book on Heat, how this correction is made, 

By the ald of tables which have been prepared for this p 
height of the barometer is readily reduced to aero Centigrade. 

160 Variations in the height of the barometer,— When the! 
meter is observed for several days, its height is found to vary in th 
place, not only from one day to another, but also during the same 

The extent of these variations, that is, the difference b 
pees and the least height, is different in different places. Tt 

from the equator towards the poles. Except under extraordinary came 
stances, the greatest variations da not exceed six millimeters und 
‘equator, 30 under the tropic of Cancer, 4o in France, and 60 at 25 di 
from the pole. ‘The greatest variations are observed in winter. 

The mewn daily Aeigat is the height obtained by dividing the 
24 successive hourly observations ‘by 24. In our latitudes, the bi 
height at noon corresponds to the mean daily height. 

The wean mouthly Aeight is obtained by adding together the | 
daily heights fora month, and dividing by 30, 

‘The mean yearly height is similarly obtained, 

Under the equator, the mean annual height at the level of the 








Pecrcisie ca ca inches ora alae 
that it really only serves to measure the 
atmosphere, and that it only 
as this weight increases or 
and although a change of 
quently coincides with a 
pressure, they are not 
nected. This rotneijengs ‘ 


positionof Europe. The south 
which ore hot and conse 


same tire, as they become cl 
aqueous vapour in 

they triog ‘us rain, ‘The wit 
north and north-east, on the « 
being colder and denser, make al 
meter rise; and as they o 
after having passed Baie 


has been found from a 
observations that the 
extremely probable, Sudden 
in either direction indicate b 
or wind, 
Fe ue FEI 165. Wheel 
barometer, which was invented by Hooke, syph 
sespecially intended to indicate good and bad weather 
shorter leg of the syphon there is a float, which rises 
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d, it is Ears that the barometer 
sreater and greater height—a fact 
of sees the difference 
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between the elevations of two stations, such as the base and summit: 
mountain, The method may be explained as follows, 

Tt will be seen in the next chapter that if the temperature of ane 
portion of air continues constant, its volume will vary inversely 
pressure. That is to say, if we double the pressure we shall hal 

volume. This is usually known as Boyle's law (166). But 
halve the volume we manifestly double the quantity of air in 
cubic inch, that is to say, we double the density of the alr, and 
in any proportion. Consequently, the law is equivalent to 
‘That for 2 constant temperature the density of alr is proj 
to the pressure which it sustains, 

@ Now suppose A and B (fig, tg) to represent two stations, 

PP that it is required to determine the vertical height of B above 

it being borne in mind that A and B are not necessarily in 
‘same vertical line, Take P any point in AB, and Q a point 
small distance above P. Suppose the pressure per square i 
the atmosphere at P to be denoted by 9, and at Q let 
+ diminished by a quantity denoted by dp. It is plain that 
diminution equals the woight of the column of air between 
Q, whose section is one square inch, But, since the density: 
‘alr is directly proportional to f, the weight of a cubic inch’ 
will equal Ag, where & denotes a certain quantity to be determined: 
after, and g the accelerating force of gravity (74). Hence, if we 
PQ in inches by dx, the pressure will be diminished by Apel, 
may represent this fact algebraically by the equation 


Mhgdem dp, 
By a well-known algebraical process this leads to the conclusion 


dgX <log z 


1 
where X denotes the height of AB, and P and P, the 
pressures at A and B respectively, the logarithms being of the | 
called *Napierian logarithms.’ Now, if H and H, are the 
the barometer at A and B respectively, the temperature of the 
being the same at both stations, their ratio equals that of P to 
therefore 
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X= 1 * tog tt 
tg PH, 
It remains to determine 4 and gv 
(3) Since the force of gravity is different for places in different 
tudes, g will depend upon the latitude (77). [nis found thar if g 
accelerating force of gravity in latitude ¢, and f that force in las 
then 


— 
1+0'00256 cas 3) 
where 7 has a definite numerical value. 

42) From what has been stated above it will be seen, that it 


. 
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Fty of air at a temperature of #C., under Q the pzessure exerted by 
inches of mercury, we shall have 
4Q=p 
it will be afterwards shown that if pis the density of air under the 
pressure Q at 0° C., we shall have 


a has a definite numerical value. Therefore 


AQ= —Po_ 


ital 
low if o is the density of mercury, and if the latitude is 45°, we shall 





Qe29°92 . y 
therefore 
reife 
¥ @ 29°92 (1 +at) 
‘poe is the ratio which the density of dry air at a temperature o° C., 
45%, under a pressure of 29°92 inches of mercury, bears to the 
‘of mercury at o° C., and therefore p,-o is a determinate number. 
ituting, we have 


X=2992 in. . ao + 000256 cos 29). (1 +p log 
value of a is 0.003665, which is nearly equal to zip. If we substitute 
e proper values for «+p, and change the logarithms into common log- 


fchms, and instead of ¢ use the mean of T and T,, the temperatures at 
® upper and lower stations, it will be found that 


X (in feet) = 60346 (1 +.0'00256 cos 2 ) (1 + 








27 +T, 
1000 





2) log Aa 


kich is La Place’s barometric formula. In using it, it must be remem- 
red that T and T, are temperatures on the Centigrade thermometer, 
id that H and H, are the heights of the barometer reduced too? C. 
bus if 4 is the measured height of the barometer at the lower station 


thave 
H=h (: Paea 
5300 
lithe height to be measured is not great, one observer is enough. For 
ater heights the ascent takes some time, and in the interval the pres- 
re may vary. " Consequently in this case there must be two observers, 
eat each station, who make simultaneous observations. 
Let us take the following example of the above formula :—Suppose 
a in latitude 65° N. at the lower of the two stations the height of the 
rometer were 30025 inches, and the temperature of air and mercury 
32 C., while at the upper the height of the barometer was 28:230 
shes, and the temperature of air and mercury was 10755 C. Determine 
theight of the upper station above the lower. 
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(0) Find Hand Hi: vie 
H =so0n5 (1 — (7) ~a9 94s 


=e _ 10°55) . 39; 
H,=28330 (1 ae) 28185 


Hence log it = 1°4763243—1°4900036 «0263217 


. ate . 
(2) Find 1 Ts) vie 103574 
(3) Find f+ orn0256 cos 2 
Sinos 0100236 cos 130° = — 0100256 cos 50” 
= -oworbys 
therefore 1+0'00256 cos 25 «0998355 


Hence the required height in fect equals 
60346 « 07998355 « 1105574 x 07263217 = 1674 

Tt may be easily proved that if H and H, do not greatly differ, 

Napierian logarithm of € equats 21=H_ ¢for instance 1 eyuals 

inches, and H, equals 29 inches, the resulting error would not exceed 

size parvof the whole. Accordingly for heights not exceeding 2000 

we may without much error use the formula, 


20+) .H-Hy 


X (im feet) = 52500 (¢ ioe) toe 


CHAPTER II. 
MEASUREMENT OF THE ELASTIC FORCE OF GASIS. 


166, Boyle's Iaw.—The law of the compressibility of gases 
covered by Boyle and Mariotte independently, In consequence it) 
England commonly called ‘ Boyle's faw,’and, on the Continent, * Marioue® 
law? It is as follows: 


«The temperature rematming the same, the volume of @ given § 
offgas 1s inversely as the pressure whisk i€ bears! 


‘This law may be verified by means of an apparatus called Mfariotte’s 
(fig. 115), It consists of a long glass tube fixed to a vertical supports 
is open at the upper part, and the other end, which is bent intoa 
vertical leg, is closed. On the shorter leg there is a scale, which 
cates equal capacities; the scale against the long leg gives the 
‘The cero of both scales is ini the same horizontal line, 


‘peared into the ton paleeinek setwoeeas fhe sic it 
Rabel tsteehalrs thet i 


Fig. 06 


Pig te Fig aah 
‘The pressure of the column CA is therefore 

@ which, with the atmospheric pressure acting on 
at C, makes two atmospheres. Accordingly, 
the volume of the gas has been diminished to 


‘the longer branch until the volume of the 
‘original volume, it will be found that the 











“sand Petit have verified the law for air up 
+> cf an apparatus analogous to that which | 





% uu the case of pressures of less than one at- 
~ ‘us, mercury is poured into a graduated tube | 

.- rest being air. It is then inverted in 

. ts ck cHercury (fig. 117), and lowered until the levels 
aie 2 ‘de the tube are the same, and the volume’ 


~used, as represented in the figure, until the 
one that of AB (fig. 118). The height of the 
che mercury in the trough CD, is then found 
ww sStof the barometric column. ‘The air, whose 
++ ‘au. stow only under the pressure of half an atmo- 
mec «© farce of this air which, added to the weight of 
+ + ‘st eat to the atmospheric pressure. Hence the 
sure. 
+ $47 Mariotte’s tube, as the quantity of air remains 
sax: obviously increase as its volume diminishes, 
y thus be enunciated : ¢ For the same t 
4 gas ts proportional to its pressure? Hence, 3s 
wits as air, under a pressure of 770 atmospheres, 
se os water. 
sup se > aw 18 o@ly approximately trae. Until within the last 
sos supposed to be atbsolutely true for all gases at 
who examined the compressibility of gases 
we with the law, He took two graduated gls 
nd filled one with air and the other with the 
se tubes were phiced in the same mercury 
immersed int strong glass cylinder filled 
piston moved by a screw which worked 
der. the liquid could be subjected to an 
soi he seen whether the compression of the 
‘The apparatus resembled that used for 
of Tiquids (ig. 9°. In this manner 











































+ sressible than air: hydrogen, which has te 
0-15 atmospheres, is then less compre 
sess tes itwas concluded that the law of Boyle 





sy ofustic force of vapours, Dulong and A 
The method ad 
pparatus had gigantic dimer 











“es of Boyle’s Law 
atthe 








+ contained in a strong glass tube, GF 
tosed at the top, G. ‘The pressure wt 
x. which could be increased to a heigh* 
; al tube, KL, formed of a number of 
we te gan eee 80 aly to be perfectly tight. 









ca 


me of the air in GF ; the height of the 
oy 
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box is connected with the ¢losed vessel containing the gas 
whose tension is to be measured. 

In the graduation of this manometer, the quantity of air cont 
the tube is such, that when the aperture A communicates freely 
atmosphere, the level of the mercury is the same in the tube a 
tubulure. Consequently, at this level, the number 1 is ma 








Fig mm Wig wr Fig. vm 


scale to which the tube is affixed. As the pressure acting thn 
tubulure A increases, the mercury rises in the tube, until its weigh 
to the tension of the compressed air, is equal to the external } 
Tt would consequently be incorrect to mark two atmospheres 
middle of the tube ; for since the volume of the air is reduced to) 
its tension is equal to two atmospheres, and, together, with the y 
the mercury raised in the tube, Is therefore more than two atime 
‘The position of the number is a little below the middle, at such 





. +.» be the volumes of several gases under p 
respectively. Suppose these gases when mixed to 
a volume V, under a pressure P, the temperatures being the same. 
Boyle's law we know that », will occupy a volume V ander a p 
provided 
Val =A 


Similarly Vp! =Pahy 












and soon. But we lear from the above law that 
Pepi tay tose 
therefore VP vA, + taht rAt oss . 


1t obviously follows that if the pressures are all the same, the volume® 
é the mixture cquals the sum of the sep 
volumes. 

‘The first law was shown experiments 
Berthollet, by meana of an apparatus repre 
sented in fig 124. It consists of two gti 
globes provided with stopcocks, which | 
be screwed one on the other. The 
globe was filled with hydrogen, and 
lower one with carbonic acid, which h 
times the density of hydrogen. The globe 

aving been fixed together were placed 
the cellars of the Paris Observatory and 
stopcocks then opened, the globe cont 
hydrogen being uppermost, Berthollet 
after some time that the pressure had 
changed, and that, in spite of the differena 
in density, the two gases had become 
formly mixed in the two globes. E 
ments made in the same manner 

Fig 134. other gases gave the same results, and 

was found that the diffusion was more rapid in proportion as the 
ence between the densities was greater. 

The second law may be demonstrated by passing into a 
tube, over mercury, known volumes of gas at known pressures. 









_ ! 
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‘most apparent diminution, 
though in reality the heavier body, it is balanced by the smal 
Weight. It may be proved by means of the same apparatus | 
is equal to the weight of the displaced air, Suppose the i 
sphere is 10 cubie inches. ‘This weight of this valume of air is 3+ 
Af now this weight be added to the leaden weight, it will overbale 
sphere in air, bat will exactly balance it in vacuo. f 

‘The principle of Archimedes is trae for bodies in air; all that} 
‘said about bodies immersed in liquids applies to them, that is, 
a body is heavier than air, it will sink, owing to the excess: 
‘over the buoyancy. If it is as heavy as alr, its weight will 
balance the buoyancy, and the body will float in the atmos) 
body is lighter than air, the buoyancy of the air will prevail, and 
will rise in the atmosphere until it reaches a ah of the same 
its own, The force of the ascent is equal to excess of the 
over the weight of the body, ‘This is the reason why 
clouds, and air balloons rise in the air. 


AIR BALLOONS. 


177. Air baiioons.— Afr dal/oone are hollow spheres made 
Jight impermeable material, which, when filled with heated. 
hydrogen gas, or with coal gas, rise in the air in virtue of 
lightness. 5 
“They were invented by the brothers Mongolfier, of 
first experiment was made at that place in June 1783, ‘Their! 
a sphere of 40 yards in circumference, and weighed 500 
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(fig. 126), and the gas inside expanding in consequence of its elastic sore 
tends to burst it. It is sufficient for the ascent if the weight of the 
placed air exceeds that of the balloon by § or to pounds. And this 
remains constant so longas the balloon is not quite distended by the dil 
tion of the air in the interior. If the atmospheric pressure, for 
has diminished to one-half, the gas in the balloon, according to B 
law, has doubled its volume. The volume of the air displaced i 
twice as great; but, since its density! 
become only one-half, the weight, 
consequently the upward buoyancy, ae 
the same. When once the balloon it 
completely dilated, 1 it continue 
rise the force of the ascent deere: 
for the volume of the displaced 
remains the same, but its density di 
minishes, and a time arrives at which 
the buoyancy is equal to the weightel 
the balloon, The balloon cam 
only take a horizontal direction, ea 
by the currents of air which prevail 
the atmosphere. The aéronaut kn 
by the barometer whether he is asoe 
ing or descending ; and by the 
means he determines the height whie 
he has reached. A long flag fixed 
the boat would indicate, by the post 
tion it takes either above or b 
whether the balloon is descending 
ascending, 

‘When the atronaut wishes to. 
scend, he opens the valve at the top 
the balloon by means of the cord,’ 
allows gas to escape, and the bal 
sinks. If he wants to descend 
slowly, or to rise again, he empties 
bags of sand, of which there i# 
ample supply in the car. ‘The 
fs facilitated by means of 
iron fixed to the boat. When once! 
is fixed to any obstacle, the balloon’ 
lowered by pulling the cord. 

The only practical applications whi 
air balloons have hitherto had fa 
been in military reconnoitring. At the battle of Fleurus, in 1794, & 
tive balloon, that is, one held by a cord, was used, in which there way 
‘observer who reported the movements of the enemy by means of 
At the battle of Solferino the movements and dispositions of the Austria 
troops were watched by a captive balloor and in the war in Amerié 


Vig. 196, 

















-dytlons of the gas with which the balloon is a 
total weight of the envelope in pounds will be 47%; | 
will be4“R° and that ofthe displaced air #78 16 x 
which the can support, we have 

xnAriia sR" geRyp—P 


sf x-ee (a=a)-4nR?-P. 


But, as we have before seen (178), in order that the balloon may fi 
© weights must be less by 8 or ro pounds than that given by this eq 


CHAPTER IV. 
APPARATUS FOUNDED ON THE PROPERTIES OF ATR. 


181, Ate pamp.—The air pump is an instrument by which a 
can be produced in a given space, or rather by which air can be 
sarefied, for an absolute vacuum cannot be produced by its 


Pig. 1a 
vas invented by Otto von Guericke in 1659, a few years after tl 
tion of the barometer, “ 
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“ It is plain that when the rarefaction has proceeded to a co 
extent the atmospheric pressure on the top of P will be very great, 

} ‘will be very nearly balanced by the atmospheric pressure om the ti 
‘the other piston, Consequently the expennmenter will have to: co 
only the difference of the two pressures, This is the reason why 

inders are 
To explain the action of the valves we must go into particulars. 
general arrangement of the interior of the cylinders is shown im 6% 
Fig. 133 shows the section of the pit 
det The piston is formed of two 
discs (X and V), screwed to one anothes 
t compressing between them a series of leath 
; : dises Z, whose diameters are slight 
than those of the brass discs, The Ie 
thoroughly saturated with cll, so as to 
|] ight, though with but little friction, within t 
cylinder. To the centre of the upper d 
|| sceewed a piece, B, to which the rack # 
riveted, “The piece B is pierced so a %0) 
the interior of the cylinder into communica 
with the external air. This communi 
closed by a valve 4, held down by a 
|| spring, x. When the piston is moved do 
the air below the piston is comoressed 
forces up # and escapes, “The instant the 34 
is reversed, the valve ¢ falls, and is held 
{| by the spring, and the pressure of the 
ait, which is thereby kept from  conting 
Wig, 00. ‘The communication between the cylinder 
the piston and the receiver ix opened and 

by the valve-marked o in fig. 130, and ag in fig. 133. The rod 

passing through the piston is held by friction, and is ralsed with i 

but is kept from being lifted through more than a very small distance) 

the top of the cylinder, while the piston, in continuing its upward m 

slides over ay. When the piston descends it brings the valve with 

which ar once cuts off the communication between the cylinder and 
receiver. 

183, Air pump gauge—When the pump has been worked some tig 
the pressure in the receiver is indicated by the differonce of level of! 
mercury in the two legs of a glass tube bent like @ sypbon, one of whid 
ts opened, and the other closed like the barometer. This lithe app 
which is called the waugs, is fixed to an upright scale, and placed 
a small bell jar, which communicates with the receiver E by a 
cock, A, inserted in the tube leading from the orifice C to the 
fig. 128. 

"hefore commencing to exhaust the air in the receiver, its elastic 
exceeds the weight of the column of mercury, which is in the 
branch and which consequently remains full, But as the 





— 4 
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{ the inside of the piston; they therefore do not open, and thes 
further action of the machine. 


described, In fig, 132 the stopcock has been tumed a Sos 
‘the transversal channel , which was horizontal in fig. 129, 
vertical, and its extremities are closed by the side of the he bei 
the stopcock works. But « second channel, which was closed b 
and which has taken the plaice of the first, now places the right 
afene io communication with the receiver by the channel ofs (fig. 158 
and It further connects the right with the left cylinder by a channel, 
(fig. £32}, or aico (fig. 131). ‘This channel passes from a central op 
@, placed at the base of the right cylinder, across the stapcock to 
valve 0, of the other cylinder, as represented in figs. 131 and 132¢ | 
this channel is closed by the stopcock when it is in its first position, 
seen in figs. 129 and 130. 

The right piston in sing exhausts the air of the receiver, but wh 
descends the exhausted air is driven into the left erlindoe theough 
Grifice a, the channel és, and the valve o (fig. 131), which is 
the same piston rises, that of the left sin 
it does not return into the right cylinder, because the 
closed. As the right cylinder continues to exhaust the 
ceiver, and to force it into the left cylinder, the air acum 
ultimately acquires sufficient tension to raise the valve of the § 
which was impossible before the stopcock was turned, for it is o 
the valves in the piston no longer open, that a quarter of a t 
to the stopcock. 

184. Bianchi's air pump,—M, Bianchi has invented an air p 
which has several advantages, It is made entirely of iron, and It 
only one cylinder, which oscillates in a horizontal axis fixed at its tam 
as Seen in fig. 134. A horizontal shaft, with heavy fly-wheel, Vy work 
4 frame, and is turned by « handle,'M. A crank, #, which is joined) 
the top of the piston-rod, is fixed to the same shaft, an c u 
fevery revolution-of the wheel tbe cylinder imalkes twe-caciltatiGia 

In some cases, as in that shown in the figure, the crank: and the! 
wheel are on parallel axes connected by a pair of cog-wheels. The: 
fication in the action produced by this arrangement is as follows >—1t i 
coy-wheel on the former axis has twice as many tecth as that on 
axis, the pressure which raises the piston is doubled : an ad) 
is counterbalanced by the inconvenience that now the piston 
‘one oscillation for one revolution of the fly-wheel, 


a a 








- Air Pump. * 
i double acting; that is, the piston PP (fg. 135) 
both in ascending and descending. This ap eell 

: ements In the piston there is a valve, 2, opening 
the ordinary machine, The piston rod AA is hollow, and 


there is a coy he X, by which the air makes its escape 
top of the cylinder there is a second valve 














pwards. An iron rod, D, works with gentle friction in the 

and terminates at its ends in two conical valves, s and s’, which 
Eopmines of the tbe BC leading to the receiver. 

The piston descends, ‘Tho valve s is then closed, and 

open, the air of the receiver passes in the space above 

Spine, while che Air in the space below the piston vndergocs com: 











‘The machine has a 
for double exhaustion, | 
that already deseribed | 
is also oiled in an 4 
manner. A cup, 

rod is filled with 3 
passes into the annul 
between the rod AA 
tube X; it passes the 
tube 00, in the piston, al 

the ric 


the rdinary machine 


coum can also be | 
with it in far less tim) 
apparatus of greater + 
usual, 


inciple of con i 
i be i ema 
cellian vacuum. The 
construction of the appa 
Fig, 35 thus described by the i 

Tfan aperture be ma 
top of a barometer tube, the mercury sinks and draws in aj 
experiment be so arranged as to allow air to enter along with 
and if the supply of air be limited while that of mercury is unlin 
air will be carried away, and a vacuum produced. ‘The followit 
simplest form of the apparatus in which this action is realised, 
136 cet is a glass tube longer than a barometer, open at both ¢ 
connected by means of india-rubber tubing with a funnel, A, fi 
mercury and supported by a stand. Mercury is allowed to fal 
tube at a rate regulated by a clamp at ¢; the lower end of th) 
fits in the flask B, which has a spout at the side a little higher 
Tower end of cd’; the upper part has a branch at x to which a 
R can be tightly fixed. When the clamp at cis opened, the firs 


Pigs 1g 


| first removes the greater part of the air, 


igs. 137 and 138 representa mercu- 
improvement by Alvergniat, of a form devised 


i Bad's, fe 137 and a 36 conn ae 


yy means of a long wire rope, which is fixed at 
A, and passes over two pulleys, «and 4, the latter 
ue 





turned by 
cock #5 to this is attached a tube: sites cn 
ordinary stopcock sm, which communicates with a reservoir 
and with the air. ‘The exhausting tube d is not in direct 
with the receiver to be exhausted : it is first connected with 
partially filled with sulphuric acid, and designed to nthe as wl 
shter the apparatus, A caontchouc tubs, 6 





Teg Nie. 

the receiver which is to be exhausted, On the reservoir o is = small 
cury manometer f, 

‘These details being understood, suppose the reservoir A at thet 
its course (fig. 137). the stopcock m open, and the stopcock # 
seen in Z; the caoutchouc tube C, the tube T, the reservolr B, 
tube above, are filled with mercury as far as 2 ; closing then the: 
m,and lowering the reservoir A (fig. 138), the mercury sinks 
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sg yeeas¢ 
ie 
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and like it is 


artificial gaseous 


liquids with gases. For 
connected with a reservoir of the gas, by 


‘Apparatus, 


great many experiments with the air 
Sueh are the mercurial rain (13), the 


| exhausts this gas, and forces it into 
is contained. The 


i 
i 
: 
i 
a 


very slow in its 
ly used for charging 


a 


E pump 
aia: 
er 
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fall of bodies é wacwo (71), the bladder (142), the bursting of a 
lagdeburg eee ae and the Lae 70 


pump, and shows the clastic force of the air. prypeewor ya 
globe, A, provided at the bottom with « stopcock, and « tubulure ¥ 
Projects into the interior, Having screwed this apparatus to 
pump it is exhausted, and, the stopcock being closed, 

© essel of water, R. Opening then the stopcock, the atmo: 
pon the water in the vessel makes it jet through the tl 
interior of the vessel as shown in the drawing, 








Pig ae Pee tes 
ig. 142 represents an experiment illustrating the effect of ati 
pressure on the human body. A glass vessel, open at both ends, 
placed on the plate of the machine, the upper end of the cylinder ts 
by the hands, and a vacuum is made. 
by the weight of the 
effort, And as the elasticity of the fluids contained in the organs 8 
counterbalanced by the weight of the atmosphere, the palm of the 
swells, and blood tends to escape from the pores. 
By means of the air pump it may be shown that air, by reason 
oxygen it contains, is necessary for the support of combustion and off 
For if we place a lighted taper under the receiver, and begin to 
the air, the flame becomes weaker as rarefaction proceeds, and 
. extinguished, Similarly an animal faints and dics, if a vacuum Es 
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sti ela tt ‘a height above the water in the 
nS difference of the level in the two globes. 

90. Intermittent fountain. The smitermitiont fownteln dh 
pany onthe te reo he i pry on the atmospheri 
Sure. It consists of a stoppered glass globe (C, fig. 144), provide 
two or three capillary tubulures, D. A glass tube open at botl 
reaches at one end to the upper part of the globe C; the othere! 
minates just above a little aperture in the dish B, which suppo! 
whole apparatus, 

The water with which the globe C is nearly two-thirds fillet 
‘owt by the tubes D, as shown in the figure; the internal pressure 
being equal to the atmospheric pressure, together with the weight, 
column of water CD, while the external pressure at that point j 
that of the atmosphere. These conditions prevail so long as the 
end of the glass tube is open, that is, so long as air cin enter C am 
the air in C at the same density as the external air ; but the appar, 
arranged so that the orifice in the dish B does not allow so much 
to flow out as it receives from the tubes D, in consequence of 
the level gradually rises in the dish, and closes the lower end } 
glass tube, As the external air cannot now enter the globe C,1 
becomes rarefied in proportion as the flow continues, until the pe 
of the column of water CD, together with the tension of t) 
contained in the globe, is equal to this external pressure at D= 1) 
consequently stops. But as water continues to flow out of the diy 
tube D becomes open again, air enters, and the flow recommence 
#0 on, as long as there is water in the globe C. 

191, The syphon.—The syphon is a bent tube open at both end 
with unequal legs (fig. 145). It is used in transferring Nquids 





e 
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following manner: The syphon is filled with some Tiquid, and t) 
ends being closed, the shorter leg is dipped in the liquid, a8 repre 
in fig. 145; oF the shorter leg having becn dipped in the liquid, | 
fs exhausted by applying the mouth at B. A yacuum is thus pro 





es 
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195. Didlerent kinds of pumps.—Punefis are machines which 
‘raise eater either by suction, by pressure, or by both efforts com 
‘thoy are consequently divided into suction or lift pumps, Sree jan 
auction and forcing pumps. 

‘The various parts entering into the construction of a pump) 
barrel, the piston, the valves, and the pipes. The Sarref is a cyli) 
metal or of wood, in which is the piston. ‘The latter isa metal or} 
cylinder wrapped with tow, and working with gentle friction the 
Tength,of the barrel. 








Fg. 248. Fig. ta. 


‘The valves are dises of metal or leather, which alternately ¢l 
apertures which connect the barrel with the pipes. The ano 
valves are the clack wa/ve (fig. 148) and the conical valve (fig. 149) 
first is a metal clise fimed to 
on the edge of the ori 
closed. In order more 
to close it, the lower part] 
dise is covered with thick 
Sometimes the valve 
merely of a leather disc, 
diameter than the orifice, 
the edge of the orifice. 
bility enables it to act as & 

The conical valve consij 
metal cone fitting in am 
the same shape. Below 
fron loop, through which 
bolt-head fixed to the val 
object of this is to limit 
of the valve when it is 
the water, and to preve 
moval, 

194. Suction 
represents a model of @ 
pump such as is used im 
‘but which has the same 
‘ment as the pumps in 
Tt consists, 1st,of a glass: 
B, at the bottom of which 
a valve, S, opening 
of a suction the ‘A, vovtich dips into the reservoir from which 
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terval, which, by means of the air in the reservolr M, ensures a con 

flow. ‘The water forced into the reservoir M divides into two parts, 

of which, rising in D, presses on the water in the reservoir by its weight 
while the other, in virtue of this pressure, rises in the reservoir above 


lower orifice of the tube D, compressing the air above. Consequentl 
when the piston ascends, and no longer forces the water into M, the ait 
of the reservoir, by the pressure it has received, reacts on the liquid, and 
raises it in the tube D, watil the piston again descends, so that the jet a 
continuous. | 
196. Load which the piston supperts.—In the suction pump, whet” 
‘once the water fills the pipe and the barrel as far as the spout, éhe Qian 
necessary to rinise the piston is equat to the weight of a column of welt 
the base of which ts this piston, and the height the vertient dirtamee 
the spout from the level of the water in the reservoir, that is, the hey 
to which the water is raised. For if H is the atmospheric pressure, & 
height of the water above the piston, and #” the height of the 
which fills the suction tube A, and the lower part of the barrel, 
Pressure above the piston is obviously H+A, and that below fs H=i 
since the weight of the column A’ tends to counterbalance the at 
pressure. But the pressure 1A’ tending to raise the piston, the effet 





























‘itis readily seen that the pressure which 
aap to the weight of a column of water, the 
[egocioael the pees, and the height that towhich the 


engine —The fire engine is a force pump in which a steady 
btained by the aid of an air chamber, and also by two pumps 
‘alternately (fig. 152). The two pumps m and n, worked by the 
lever PQ, are immersed in a tank, and which is kept filled with” 
as long as the pomp worlss, From the arrangement of the valves it 
seen, that when one pump # draws water from the tank, the other 


pit lato the afr chaméer R ; whence, by an orifice Z, it passes into 
tube, by which it can be sent in any direction, 

war Chamber the jet would be intermittent. For as the 

is less than on emerging, the, 


tr ase Deeesyetences the pistons stop, the air thus compressed 
u Bares ‘out duting this momentary stoppage, and 


© bottom of any vessel, and consider the case of a 
€ Surface, without reference to those which are 
fell freely, it would have a velocity on reaching 





saine velocity, provided the depth were the samme. 
The lav of the velocity of efflux was discovered by Torriceli te 


ovtfice hawng stork 
from a state of rest at the surface, Wis rs algebraically expressed by 
formula v= / 2h. 

it follows “ikeay from this law, that the velocity of efilue depends 
the depth of the orifice below the surface, and not on the nature of | 
Tiquid. ‘Through orifices of equal size and of the same depth, water 
‘mercury would issue with the same velocity, for although the ‘| 
the latter liquid is greater, the weight of the column, and cons 
the pressure, is greater too. [t follows further that the velocities of 
are directly proportional to the square roots of the depths of the 
Water would issue from an orifice 100 inches below the surface with 
times the velocity with which it would issue from one an inch bon 
surface. 

‘The quantities of water which Irmue from orifices of different sam 
very nearly proportional to the size of the orifice, provided the level rem 
constant. 

199, Direction of the jot from lateral orifices. —Trom the 
of the equal transmission of pressure, water issues from an orifice: 
side of a vessel with the same velocity as from an aperture in the botit 
of a vessel at the same depth. Each particle of a jet issuing from 
side of a vessel begins to move horizontally with the velocity 
mentioned, but it is at once drawn downward by the force of grat 

the same manner as a b 
fred from 2 gun, with Us 


bola with a vertical axl 
vertex being the muzzle 
gun. Now since each p 


point called the focus, and that the distance from the vertex to the! 
fixes the magnitude of a parabola in much the same manner as! 
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istance from the centre to the circumference fixes the magnitude of a 
rcle. Now it is easily capable of proof that the focus is as much below, 
5 the surface of the water is above, the orifice. Accordingly, the jets 
med by water coming from orifices at different depths below the 
arface take different forms, as shown in fig. 153. 

200. Meight of the jet.—If a jet issuing from an orifice in a vertical 
irection has the same velocity as a body would have which fell from the 
urface of the liquid to that orifice, the jet ought to rise to the level of the 
quid. It does not, however, reach this; for the particles which fall 
tinder it. But by inclining the jet at a small angle with the vertical, it 
aches about ;ths of the theoretical height, the difference being due to 
fiction and to the resistance of the air. By experiments of this nature 
the truth of Torricelli’s law has been demonstrated. 

201. Quantity of efflux. Vena contracta.—If we suppose the sides 
‘fa vessel containing water to be thin, and the orifice to be a small circle 
-whose area is A, we might think that the quantity of water E discharged 
na second would be given by the expression A,/2gh, since each particle 
ts, on the average, a velocity equal to «/2gh, and particles issue from 

tach point of the orifice. But this is by no means the case. This may 
be explained by reference to fig. 154, in which AB represents an orifice 
inthe bottom of a vessel—what is true in this case being equally true of 
ju orifice in the side of the vessel. Every particle above AB endeavours 
Ho pass out of the vessel, and in so doing exerts a pressure on those near 
it Those that issue near A and B exert pressures in the directions MM 
and NN ; those near the centre of the orifice in the direction RQ, those 
in the intermediate parts in the directions PQ, PQ. In consequence, the 
water within the space PQP is unable to escape, and that which does 
exape, instead of assuming a cylindrical form, at first contracts, and 
takes the form of a truncated cone. It is found that the escaping jet con- 
tinues to contract, until at a distance from the orifice about equal to the 
diameter of the orifice. This part of the jet is called the vena contracta. 
Itis found that the area of its smallest section is abou! 
of the orifice. Accordingly, the true value of the effu: 
per second is given approximately by the formula 
Exo62Ay2gh 

the actual value of E is about 0°62 of its theoretical 
amount. 

202, Influence of tubes on the quantity of efflux.— 
The result given in the last article has reference to an 
aperture in a thin wall. If a cylindrical or conical efflux- 
tube or ajutage is fitted to the aperture, the amount of 
the efflux is considerably increased, and in some cases 
fils but a little short of its theorctical amount. 

A short cylindrical ajutage, whose length is from two to three times its 
dameter, has been found to increase the efflux per second to about 
ef2A./2gh. In this case, the water on entering the ajutage forms a con- 
tracted vein (fig. 156), just as it would do on issuing freely into the air ; 





Fig, 154 
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bat afterwards it expands, and, in consequence of the adhesion of th 

water to the interior surface of the tube, has, on leaving the ajutage,. 

section greater than that of the contracted vein, ‘The contraction of 

jet within the ajutage causes a partial vacuum. If an aperture is ma 

Vig. iss in the ajutage, near the point of greatest 

traction, and fitted with a vertical tube, the 
other end of which dips into water (fig. 18¢h 
it is found that water rises in the vertical ibe, || 
thereby proving the formation of a partial 
vacuum, 

If the ajutage has the form of a conic frase 
whose larger end is at the aperture, if thie: 
dimensions are properly chosen, the efftux in 
second may be raised to o-g2A./agh, If thee 
smaller end of a frustrum of a cone of ble 
dimensions be fitted to the orifice, the eflliee: 
may be still further increased, and fall verse 
little short of the theoretical amount. 

‘When the ajutage has more than a certaime 
Jength, a considerable diminution takes place a= 
the amount of the efflux: for example, if ies 
length is 48 times ite diameter, the efflus £5 
reduced to o'63A./2gh, This arises from the 

Wig. 136. fact, that, when water passes along cylindr 
tubes, the resistance increases with the length. “This effect will be 
understood by the following statement. If, in fig. 155, we suppose 
ajutage to be replaced by a tube exceeding its diameter in length 
hundred times, at least, the efflux in a second E, will be related to 
from the ajurage E as given above, in a manner approximately given! 


the formula E,-E—7-376, / D where D denotes the dismoter of 


tube and L its length : thus if the diameter were 1 inch, and the Te 
300 feet, the efflux in a second E, would be about one-eighth part of 
‘This result is truc of water at ordinary temperatures, ‘The : 
which gives rise to this result is called Ayidrunuic friction ; it is i 
dent of the material of the tube, provided it be not roughened ; but depe 
in a considerable degree on the viscosity of the liquid ; for instanea 
cold water experiences a greater resistance than lukewarm water, 

203, Form of the jet.—After the contracted vein, the jet has the fom 
of 4 Solid rod for a short distance, but then begins to separate into d 
which present a peculiar appearance. They seem to form a series GE 
ventral and nodal segments (fig. 157), : 
drops extended in a horizontal direction, and the nov 
longitudinal direction, And as the ventral and nodal segments have m= 
spectively a fixed position, each drop must alternately become clongats 
and fattened while it is falling (fig. 158). Between any two drops thee 
are smaller ones, so tha tthe whole jet has a tube-like appearance. 





poi 

ers but it remains on the other 
horizontal direction, it would 

that of tei srg "This fs illustrated by 
rdraulic towurniguet,on Barker's mild (Gg. 130)- 
(reontatning water, and capable of moving 
lower there is a tube, C, bent horizons 

‘at the two ends, If the vessel were full of 
the pressures on the sides of C would balance 
dacting In contrary directions ; but, being open, 
is not exerted on the open part, but only 

wn in the figure A, And this pressure, not 

i ‘Pressure, imparts a rotatory motion in 

the velocity of which increases with the height 


‘the aperture. 
‘Musteated by the following experiment. A 
rand provided with a lateral stopcock near 
ht shallow dish on water, so that it eusily floats. 
0 85 to allow water to flow out, the vossel fs 
ion diametrically opposite to that in which 





d the reaction machine depend on this prin- 
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ciple, Rotating fireworks also act on the same principle: that 
ciel: Sising seen nis seco Os ee 
in them gives them motion in the opposite direction, - 

205. Water-wheols. Turbines. —When water is continvously fio 
from a higher to a lower level, it may be used as a motive power. 
is effected by means of waver-toheels; that is, wheels provided wif 
‘buckets or float-boards at the circumference, and on which the water a¢ 
‘either by pressure or by impact. 

‘Water-wheels turn in a vertical plane round a horizontal axis, and 
‘of two principal kinds, wndershet and overshot, 

In wadtershot wheels the float-boards are at right angles to the circ 
ference of the wheel. The lowest float-boards are immersed in the: 
which flows with a velocity depending on the height of the fall. 
wheels are applicable where the quantity of water is great, but the 
considerable, q 

Overshot wheels are used with a small quantity of water which! 
‘high fall, as with small mountain streams, On the circumference of # 
wheel there are buckets of a peculiar shape. ‘The water falls into 
buckets on the upper part of the wheel, which is thus moved by 
weight of the water, and as each bucket arrives at the lowest point of] 
volution it discharges all the water, and ascends empty. 

‘The ¢urdime is a horizontal water-wheel, and is similar jn prit 
the hydraulic tourniquet. But instead of the horizontal tubes 
horizontal drum, containing curved vertical walls; the water, in 
from the turbine, pressing against these walls, exerts a reaction, and i 
the whole wheel about a vertical axis, 

Turbines have the advantage of being of small bull for their 
and equally efficient for the highest and the lowest falls. 

In all prime movers worked by a fall of water, it is of the utmost! 
portance to prevent the water from acting on the machine by inal 
thereby to prevent the great loss of power which is always 

the ‘impact of imperfectly. elastie bodians 
206, Bfariotte’s bottle, its nse.—M ai 
bottle presents many curious effects of 
pressure of the atmosphere, and 
means of obtaining a constant flow of 
It consists of @ large narrow-mouth bo 
the neck of which there is a tightly-fi 
cork (fig. 160). ‘Through this a tube pa 
open at both ends. In the sides of the 
there are three tubulures, each with a 
orifice, and which can be closed at wifl, 
‘The bottle and the tube being quite 
with water, let us consider what will be 
effect of opening successively one of the t 
lures, «, 4, and <¢, supposing, as repr : 
the figure, that the lower extremity of g'is between the tubulures and 
i. If the tubulure @ is open the water flows out, and the surface 
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ACOUSTICS 


CHAPTER 1, 
PRODUCTION, PROPAGATION, AND REFLECTION OF SOUND, 


207, Object of acoustics.—The study of sounds, and that of | 
‘vibrations of elastic bodies, form the object of acoustics. 

Music considers sounds with reference to the pleasurable feelings § 
are ealculated to excite. Acoustics is concerned with the quest 
the production, transmission, and comparison of sounds; to which 
he added, the physiological question of the perception of sounds. 


208 Bound and noise,—Sonnd is a peculiar sensation excited 
‘érgan of hearing by the vibratory motion of bodies, when this 
transmitted to the car through an elastic mediui 

All sounds are not identical; they present differences by which 
may be distinguished, compared, and their relations determined. 

Sounds are distinguished from mosses. Sound properly so 
musical sound, is that which produces a continuous sensation, 
musical value of which can be determined: while noise is either a 
of too short a duration to be determined, like the report of a canna 
else it is a confased mixture of many discordant sounds, like the f 
of thunder or the noise of the waves. Nevertheless, the dil es 
tween sound and noise is by no means.precise; Savart has shown 
there are relations of height in the case of noise, as well as in th 
sound; and there are said to be certain ears sufficiently well i 
determine the musical value of the sound produced by a carriage 
on the pavement. 

209. Cause of sound.—Sound is always the result of rapid oseillatl 
imparted to the molecules of elastic bodies, when the state of 
of these bodies has been disturbed either by a shock or friction. 
bodies tend to regain their first position of equilibrium, but only 
afier performing, on cach side of that position, very rapid. vibratory: 
ments, the amplitude of which quickly decreases. 

A body which produces a sound is called a sonorous body. Ast 
stood in England and Germany, a vibration comprises a motion 
fro; in France, on the contrary, a vibration means a movement to 
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other under water, the shock is 
erat the bottom of the water can hear the 


ig such, that the scratching of a pen at the 

ithe other end. ‘The earth conducts 

when the ear is applied to the ground, the 
oise at great distances is heard, 

fim the alr,—In order to simplify the 

din the air, we shall first consider the 

‘a cylindrical tube of indefinite length. 

dwith air at a constant pressure and 





and let P be a piston oseilatng rapidly from A 19 
the piston passes from A to @ ik cor the tubs, 


mnpresses the x 
consequence of the great compressibility, the condensation of the air d 


Fig, vb 


not take place at once throughout the whole length ef the tube, but. 
within # certain length, aH, which is called the condensed wrve. 
Ifthe tube MN be supposed to be divided into lengths equal to, 


be shown by calculation, that when the first layer of the wave aH 
to rest, the motion is communicated to the first layer of the 

HU’, and so on from layer to layer in all parts of H’H”, H”H™, 
condensed wave advances in the tube, each of its paris having 

‘the same degrees of velocity and condensation. 

When the piston returns in the direction @A, a vacuum is prox 
behind it, which causes an expansion of the air in contact with ite 
terior face. The next layer expanding in turn brings the first 
original state of condensation, and so on from layer to layer. 
the piston has returned to A, an expanded seve is produced of (el 
Tength as the condensed wave, and directly following i it in the tube: 
they are propagated together, the corresponding layers of the two 

essing equal and contrary velocities, 

‘The whole of a condensed and expanded wave forms an 
that is, an undulation comprehends that part of the colunin of aie af 
during the backward and forward motion of the piston. The 
an undulation \s the space which sound traverses during a €0 
‘ration of the body which produces it. This length is less in p 
as the vibrations are more rapid. 

It is important to remark that if we consider a single row of p 
which when at rest occupy a line parallel to the axis of the cylinds 
instance, those along AH” (fig. 162), we shall find they will have) 


had successively while oscillating from A to a and back to A. So dh 
in fig. 26 AH’ represents the length of one undulation, the curwe 
H’PQA will represent the various velocities which all the points i 
line AH’ have simu/taneousty : for instance, at the instant the pi 
retuned to A, the particle at M will be moving to the right wit 
city cepresented by QM, the particle at N will be moving to the deft 
a velocity represented by PN, and so on of the other particles. 
When an undulatory motion is transmitted through a med 
motions of any two particles are said to be in the same 
particles move with equal velocities in the same direction; 2 
are said to be In opposite phases when the particles move with the 


ase, 
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trary, whose density is 1-529, sounds are more intense, On 
tiiing, where the air is much rarefied, it is necessary to speak 
eee eeeerte Be es at sic leche, Bf ees ae 


res ccing cba mach is heard in wueruis coeenteele 
‘of 16}, in alcohol of 13, and in air of only 10 feet. 

iv. The intensity of sound is modified by the motion of the ah 
and the direction of the wind. An calm weather sound is 
propagated than when there is wind; in the latter case, for an | 
‘tance, sound is more intense in the direction of the wind than in 
trary direction, 4 

v. Lastly, sound és strenythened by the proximity of # sonorons 
string made to vibrate in free air and not near a sounding 
‘a very feeble sound ; but when it vibrates above a sounding-by 
‘the case of the violin, guitar, or violoncello, its sound is mu 
intense, This arises from the fact that the box and the air whicl 
tains vibrate in unison with the string, Hence the use of sound) 
in stringed instruments. 








Fp rho 


214. Apparatus to strengthen sound.—The aj 
fig. 163 was used by Savart toshow theinfluence of boxes in 
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the time which elapsed between seeing the flash and hearing the sound 
was noted by chronometers. This time could be taken as that which: 
the sound required to travel between the two stations 
quently seen that light takes an inappreciable 
above distance. Introducing corrections for the barometric pressur, 
temperature and hygrometric state, and eliminating the influence of the 
wind, Moll and Van Beck's results as recalculated by Schréder van der 
Kolk give 1092'78 feet as the velocity of sound in one second in dry ait 
and under a pressure of 760 mm. 

The velocity of sound increases with the increase of temperature; it 
may be calculated for any temperature ° from the formula, 

Y= 1093 x/1 + 0003665¢ 

where 1093 is the velocity at o C., and 0°003665 the coefficient of expam 
sion for °C, ‘This amounts to an increase of nearly two feet for every 
degree centigrade. For the same temperature it is independent of the | 
density of the air, and consequently of the pressure. It is the same for the 
same temperature with all sounds, whether they be strong or weak, deep 
or acute. M. Biot found, in his experiments on the conductivity of sound 
in tubes, that when a well-known air was played on a flute at one end of F 
a tube 1040 yards long, it was heard without alteration at the other end, 
from which he concluded that the velocity of different sounds is the same. 
For the same reason the tune played by a band is heard at a great dit 
tance without alteration, except in intensity, which could not be the case 
if some sounds travelled more rapidly than others. 

This cannot, however, be admitted as universally true. Earnshaw, by 
a profound matheinatical investigation of the laws of the propagation of 
sound, has found that the velocity of a sound depends on its strength; 
and, accordingly, that a violent sound ought to be propagated with greater 
velocity than a gentler one. This conclusion is confirmed by an observa 
tion made by Captain Parry on his Arctic expedition. During artillery 
practice it was found, by persons stationed at a considerable distance frum 
the guns, that the report of the cannon was heard before the command of 
fire given by the officer. And more recently, Mallet made a series of 
experiments on the velocity with which sound is propagated in rocks, by 
observing the times which clapsed before blastings made at Holyhead were 
heard at a distance. He found that the larger the charge of gunpowder, 
and therefore the louder the report, the more rapid was the transmission 
With a charge of 2000 pounds of gunpowder the velocity was 967 feet in 
a second, while with a charge of 12,000 it was 1210 feet in the same time. 

is and Martins found, in 1844, that sound travelled with the 

same velocity from the base to the summit of the Faulhorn as from the 
summit to the base. 

Mallet has investigated the velocity of the transmission of sound ia 
various rocks, and finds that it is as follows : 





Wetsand. . . 0... ss 825 ft. inca second. 
+ Contorted, stratified quartz and slate rock. 1088 Sy, 
Discontinuous granite... ss 1306 


Solidgranite . . . . 1 ks 1h 





the same as if the clasticity of an adjacent wave had been increased, 
the rapidity with which this latter would expand upon the dilated: 
would be greater. Thus, while the average temperature of the ; 
unaltered, both the heating which increases the elasticity and the 
which diminishes it concur in increasing velocity. 

Knowing the velocity of sound, we can calculate approximately i 
distance at which it is produced, Light travels with such velocity th 
the flash or the smoke accompanying the report of a gun may be 4 
sidered to be scen simultancously with the explosion. Counting th 
the number of seconds which elapse between secing the flash and hea 
Ing the sound, and multiplying this number by 1125, we get the distam 
infect at which the gun is discharged. In the same way the distance} 
thunder may be estimated. 

218, Velocity of sound in various gases.—Approximately the 
results have been obtained for the velocity of saund in air, by 
method by which the velocity in other gases could be determined. 
the wave length A, is the distance which sound travels during the time 
‘one oscillation, that is of a second, the velocity of sound or the di 
traversed in a second is w=n’, Now the length of an open pipe 
half the wave length of the fundamental note of that pipe; and thar 
a closed pipe is a quarter of the wave length, Hence if we know 
number of vibrations of the note emitted by any particular pipe, wig 
can be easily ascertained by means of the syrea, and we know @ 
length of this pipe, we can calculate 7. Taking the temperature fit 
account, Wertheim found 1086 feet for the velocity of sound at zero, 

Further, since in different gases which have the same elasticity, 0 
differ in density, the velocity of sound varies inversely as the squat 
root of the density, knowing the velocity of sound in air, we may calcul) 
it for other gases ; thus, in hydrogen it will be 


a 
Ta 4168 feet | 










‘This number cannot be quite accurate, for the coefficient é 


somewhat in different gases, And when pipes were sou 
different yases, and the number of vibrations of the notes 
with ewice the length of the pipe, numbers were obtained which 
from those calculated by the above method. Wie Na 


lation was made, introducing for cach gas the special value of © oa 


theoretical results agreed very well with the observed ones. 
By the above method the following values have been obtained |= 


Carbonicacid. =. wwe BSG HR, ina sel 
Oxygen... sl. ell. On 
ees | 
Carbonic oxide =. |} tl ae 

Hydrogen. : res. | 
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* 219, meppler's princtple—When a sounding body approaches the 
‘xr, the tone perceived is somewhat higher than the true one; but if the 
‘source of sound recedes from the ear, the tone perceived is lower. The 
truth of this, which is known as Doffler’s principle, will be apparent from 
i iderations :—When the source of sound and the ear 
s m waves in a second; but if the ear ap- 
praches the sound (or vice versd) it perceives more; just as a ship 
meets more waves when it ploughs through them than if it is at rest. 
Conversely, the ear receives a smaller number when it recedes from the 
source of sound. The effect in the first case is as if the sounding body 
emitted more vibrations in a second than it really does, and in the 
second case fewer. Hence in the first case the note appears higher; in 
the second case lower. 
Ifthe distance which the ear traverses in a second towards the source 
of sound (supposed stationary) is s feet and the wave length of the 


particular tone is ) feet, then there are + waves in a second; or also" 
¢ 








fora 4, where c is the velocity of sound (216). Hence the ear receives 


not only the # original waves, but also a in addition, Therefore, the 


sumber of vibrations which the ear actually perceives is 
tomatt s 
wens Ban (t+) 
for an ear which approaches a tone; and by similar reasoning it is 
ns s 
Wan-"ani-4) 


for an ear receding from a tone. 

To test Doppler’s theory Buys Ballot stationed trumpeters on the 
Utrecht Railway, and also upon locomotives, and had the height of the 
approaching or receding tones compared with stationary ones by musicians. 
He thus found both the principle and the formula fully confirmed. 

220, Velocity of sound in liquids and in solids.—The velocity of 
sound in water was investigated in 1827 by Colladon and Sturm. They 
moored two boats at a known distance in the Lake of Geneva. The first 
supported a bell immersed in water, and a bent lever provided at one end 
with a hammer which struck the bell, and at the other with a lighted wick, 
so arranged that it ignited some powder the moment the hammer struck 
the bell. To the second boat was affixed an ear-trumpet, the bell of 
which was in water, while the mouth was applied to the ear of the 
observer, so that he could measure the time between the flash of light 
and the arrival of sound by the water. By this method the velocity was 
found to be 4708 feet in a second at the temperature 81°, or four times 
as great as in air. 

The velocity of sound, which is different in different liquids, can be 
cakulated by a formula analogous to that given above (217) as applicable 





River water (Seine) ss 
‘Artificial Seawater > 
Solution of common salt ry 


» ys Chloride of calcium 

_ Absolute alcohol... 
‘Turpentine. . an | 
Pe ei ee 
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to gases. In this way are obtained the number given in the 
table. As in the case of gases, the velocity varies with the 
which is therefore appended in each case — 








13°C. = 471g ft: in a second. | 
300 = Sons ” 
20 = 476K ” 


330 = 6453 ” 
23 > 3804 ” 
24 = 3976 ” 

= jtor i 


Asa general rule, this elasticity of solids, as compared with the density 
is greater than that of liquids, and consequently the propagation of scam 


is more rapid, 


‘The difference is well seen in an experiment by M. Biot, who foune} 
that when a bell was struck by a hammer, at one end of an iron tb 
3120 fect long, two sounds were distinctly heard at the other end. 
first of these was transmitted by the tuhe itself with a velocity 2; and) 
second by the enclosed air with a known velocity a. ‘The interval to 
the sounds was 2°5 seconds. The value of x obtained from the equatiert 


3120_3 
a 


120 
~ 


=2'5 


shows that the velocity of sound in the tube is between 9 and to times a 


reat #5 that in air. 


To this class of phenomena belongs the fact that if the ear is 
against a rock in which a blasting is being made at a distance, 
distinct reports are heard, one transmitted through the rock to the 6) 


and the other transmitted through the air, 


‘The velocity of sound in other solids has also been determined theor) 
tically by Wertheim, by means of their coefficient of elasticity. 
‘The following table gives the velocity, expressed in feet per second?=| 


Lead, 6 1 es 4030 
Gold . 5 5717. 
Bir ke se a> 8559) 
Copper. 28 11666 
Stoel wire . + + 1gd70 
MEG cow: is cle sap O60ES: 





concentric wa 





Bic 
Oak. > (pe 
Ab. +e Oe 


Elm. « .«o0e 
Fins. 0 Pe) 
Aspen. eg a 
‘The velocity in the direction of the fibres was greater than across them 

221, Reflection of sound.—So long as sonorous WAVES are NOt 
structed in their motion, they are propagated in the form of 


spheres ; but, when they meet with an obstacle, they follow the 
law of clastic bodies; that is, they return upon themselves, forming RE 


‘hich seem to ernanate from a second centre on 


s 
other side of the obstacle, This phenomenon constitutes the 


of sound. 


| 
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Fig. 164 represents a series of incident waves reflected from an ob- 
sacle, PQ. Taking, for example, the incident wave MCDN, emitted from 


1 








Fig, 164. 


the centre A, the corresponding reflected wave is represented by the arc, 
CKD, of a cir.le, whose centre a is as far beyond the obstacle PQ as A 
is before it. 

If any point, C, of the reflecting surface be joined to the sonorous 
centre, and if the perpendicular CH be let fall on the surface of this body, 
the angle ACH is called the angle of incidence, and the angle BCH, 
formed by the prolongation of aC, is the angle of reflection. 

The reflection of sound is subject to the two following laws :-— 

1. The angle of reflection is equal to the angle of incidence. 

Il. The incident sonorous ray and the reflected ray are in the same 
plane perpendicular to the reflecting surface. 

From these laws it follows that the wave which in the figure is pro- 
Fagated in the direction AC, takes the direction CB after reflection, so 
that an observer placed at B hears, besides the sound proceeding from 
the point A, a second sound, which appears to come from C. 

The laws of the reflection of sound are the same as those for light and 
radiant heat, and may be demonstrated by similar experiments. One of 
the simplest of these is made with conjugate mirrors (see chapter on 
Xadiant Heat) : if in the focus of one of these mirrors a watch is placed, 
the ear placed in the focus of the second mirror hears the ticking very 
distinctly, even when the mirrors are at a distance of 12 or 13 yards. 

Behoes and resonances.—An ¢cho is the repetition of a sound 

caused by its reflection from some obstacle. 

A very sharp quick sound can produce an echo when the reflecting 
suface is 55 feet distant, but for articulate sounds at least double that 
istance is necessary, for it may be easily shown that no one can pro- 
‘ounce or hear distinctly more than five syllables in a second. Now, as 
the velocity of sound at ordinary temperatures may be taken at 1125 feet 
ina second, in a fifth of that time sound would travel 225 feet. If the 
reflecting surface is 112'5 feet distant in going and returning, sound would 
tavel through 225 feet. The time which elapses between the articu- 








lated and the reflected sound would, therefore, be a fifth 

1 draenei enbereiteaia peng bad 

tinetly heard. A person speaking with a loud voice ia front of a 

ata dintance of 112°5 fect, can only distinguish the last reflected 
Sach an echo is said to be monesyltedic, If the reflector were at 
tance of two or three times 112:5 fect, the echo would be 
trisyllabic, and 50 on. 

When the distance of the reflecting surface is less than 112°5 
direct and the reflected sound are confounded. They cannot be 
separately, but the sound is strengthened. This is what ts called 
nance, and is often observed in large rooms. Bare walls are very n 
nant; but tapestry and hangings, which are bad reflectors, deaden 
sound, 


tiple echoes are those which repeat the same sound sever 
this is the case when two opposite surfaces (far example, two 
walls) successively reflect sound. ‘There are echocs which repeat. 
same sound 20 or 30 times. An echo in the chateau of Simonetta! 
Italy, repeats a sound 30 times, At Woodstock there is one wh 
repeats from 17 to 20 syllables, 

As the laws of reflection of sound are the same as those of Ii 
and heat, curved surfaces product acetic foci like the luminous 
calorific foci produced by concave rellettors. If a person standing 
the arch of a bridge speaks with his face turned towards one of the pi 
the sound is reproduced near the other pier with such distinctness U 
a conversation can be kept up in a low tone, which is not heard by an 
one standing in the intermediate spaces. 

‘There is a square room with an elliptical cei k 
the Conservatoire des Arts et Métiers, in Paris, which presents t 
phenomenon in a remarkable degree when persons stand in the two! 
of the ellipse. 

{1 is not merely by solid surfaces, such as walls, rocks, etc,, that: 
ig reflected. IL is also reficeted by clouds, and on passing into a layerol 
air of greater density than its own; it is also further reflected by the 
vesicles of mist. When the weather is foggy, sounds undergo innwne 
rable partial reflections, and are rapidly destroyed. q 

Whispering galleries are formed of smooth walls having a continuo: 
curved form. The mouth of tho speaker is presented at one point, anil) 
the car of the hearcr at another and distant point. In this case, thie) 
sound is successively reflected from one point to the other until ft ne 
the ear, 

Different parts of the earth's surface are unequally heated by the 
‘owing to the shadows of trees, evaporation of water, and other cause 
that in the atmosphere there are numerous ascending and desce 
currents of air of different density. Whenever a sonorous wave passes 
from a medium of one density into another it undergoes partial ret . 
which, though not strong enough to form an echo, distinctly wealks 
the direct sound. ‘This is doubtless the reason, as Humboldt 
why sound travels further at night than at daytime; even in the So 


= 





segments ‘out of a large collodion balloon, and 
) Of a sheet iron ring a foot in diameter, #0 
Tens about 4 inches thick in the centre, 

laced in the direc- 


d may be easily demonstrated by means of one 

ber balloons used as children’s toys, inflated by 

aalloon be filled with hydrogen, no focus is detected ; 

Tens, andl the divergence of the rays is increased 
converged to the ear. 

‘Bar trumpet. These instruments are 

of sound and on its conductibility in tubes. 

mmper. as its name implies, is used to render the voice 

ices. It consists of slightly conical tin or brass 





Fig os 
wider at one ond (which is called the deff), and 
erat the other, The larger the dimensions of 

is the distance at which the voice is heard, 
ct to the successive reflections of sonorous 

"the whe, by which the waves tend more and 
n parallel to the axis of the instrument. It has, 
this explanation, that the sounds emitted by 

‘Rot stronger solely in the direction of the axis, 
bell would not tend to produce parallelism 

eas it certainly exerts considerable influence 
No satisfactory explanation has been given 


ry 
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"The car érumpet is used by persons who are hard of hearing, 
essentially an inverted speaking trampet, and consists of a conical 
tube, one of whose extremities, terminating in a de/Y, receives the 
while the other end is introduced into the ear, This instrument i= 
reverse of the speaking trumpet. The bell serves as a mouthpicce ; th 
is, it receives the sound coming from the mouth of the person 

These sounds are transmitted by a series of reflections to 
interior of the trumpet, so that the waves, which would become great 
developed, arc concentrated on the auditory apparatus, and produce al 
greater effect than divergent waves would have done. 


\bo— 


Fig. 6 Fig: 16 








225, Stethoscope.—Onc of the most useful applications of acoust 
principles is the stethoscope, Figs. 166, 167 represent an improved fo) 
of this instrument devised by Konig. Two sheets of caoutchouc, ¢and 
aire fixed to the circular edge of a hollow metal hemisphere ; the edge 
provided with a stopcock, so that the plates can be inflated, and dh 
present the appearance of a double convex lens as represented In: 
in fig. 166. To a tubulure on the hemisphere is fixed @ caoutehoue 
terminated by horn or ivory, ¢, which is placed in the ear (fig 167) 
When the membrane of the stethoscope is applied to the chest of aa) 
person, the beating of the heart and the sounds of respiration are 
mitted to the air in the chamber CA, and from thence to the car! 
means of the flexible tube. If several tubes are fixed to the Instrum 
a3 many observers may simultancously auscultate the same patient 





CHAPTER II. 
MEASUREMENT OF THE NUMBER OF VIBRATIONS. 


art's apparatua.Savart's looted wheel, $0 called from) 
name of its inventor, is an apparatus by which the absolute muro! 
vibrations corresponding to a given note can be determined. It 

of a solid oak frame in which there are two wheels, A and 5 (fig. 16 
the larger wheel, A, is connected with the toothed wheel ue 4 
stmp and a multiplying wheel, thereby causing the toot 

revolve with great velocity ; a card, fixed on the frame, 
revolving, the toothed wheel strikes against it, and causes it to vibt 
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‘each tooth, makes as many vibrations as there 

side of the apparatus there is an indicator, H, which 

‘of revolutions of the wheel, and consequently the 
in a given time. 


y heard ; but, if the velocity is dually inereased, the 
and higher. Having obtained the sound whose 


‘higher 
of vibrations is to be determined, the revolution of the wheel is 
h the same velocity for a certain number of seconds, The 
‘turns of the toothed wheel B is then read off on the indicator, 
multiplied by the number of teeth in the wheel gives the total 
aes Dividing this by the corresponding number of 
the quotient gives the number of vibrations per second for the 


Syren—The syrew isan apparatus which, like Savart's wheel, is 
ito measure the number of vibrations of a body in a giventime, The 
vhsh (aig eels abr its inventor, Cagniard Latour, because it 


fixed on the table 

by which a continuous current of air can be sent through it. 
47@and 171 show the internal details. The lower part consists of 

cal box, O, closed by a fixed plate, B. On this plate a vertical 
rod, Spa is fixed « disc, A, maving with the rod. In the 
int circular holes, and in the dise A are an 

‘of the same size, and the same distance from the 

‘of the plate. These holes are not perpendicular to the 
ll pein to the same extent in the same direction inthe 
inclined to the sime extent in the opposite direction in the 

shen they are opposite each other they have the appearance 

x es, Consequently, when a current of air from 
hole m, it strikes obliquely against the sides of 

imparts to the disc A a rotatory motion in the direction 





ie 
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omnis number multiplied by 18, and divided by 120, indi- 
‘of vibrations in a second. 

the syren gives the same sound in air as in 
the case with all gases ; and it appears, therefore, that 
is on the number of vibrations, and not on the 

’ cee ing body, 
Tee boning and humming noise of certain insects ie not vocal, but i 
yery rapid flapping of the wings against the air or the body. 
been igeniously applied to count the velocity of the undw 
n ba cs prstecea which is effected by bringing it into unison with the 
Weed [thes thus been found that the wings of a gnat flap at the rate of 

S5p00 comet in a second, 

BS Bellows. —[n acoustics a defows is an apparatus by which wind 
Heerumenis, such as the syren and organ pipes, are worked. Berween 
(wer legs of table there is a pair of bellows, S (fig. 172). which is 


Fig 7. 


aero pedal, P, D isa reservoir of fcxible leather, im 
Fs stored the air forced in by the bellows. If this reservoir is 
ed a. on a rod, T, moved by the hand, the air is 
E, into a chest, C, fixed on the table. In this 
eee ta closed by leather valves, which can be opened 
ott keys in front of the box, The syren or sounding pipe ix 

of these holes. 
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229. Zdmit ef perceptible seumds.— Before Savart’s | 
physicists assumed that the ear could not perceive a sound when: 
number of single vibrations was below 32 for deep sounds, or 
18,000 for acute sounds. But he showed that these limits were smuch, 
close, and that the faculty of perceiving sounds depends meets 
intensity than on their height; so that when extremely 
not heard, it arises from the fact that they have not been 
sufficient intensity to affect the organ of hearing. 

By increasing the diameter of the toothed wheel, and consequently 
amplitude and intensity of the vibrations, Savart pushed the Emit of 
sounds to 48,000 single vibrations in a second. 

For deep sounds, he substituted for the toothed wheel an iron 
about two feet long, which revolved on a horizontal axis between 
thin wooden plates, about o-08 of an inch from the bar. As often as 
bar passed, a grave sound was Produced, due to the daplacement of 
air. As the motion became accelerated, the sound became 
very grave and deafening. By this means Savart found, that with 14 
16 single vibrations in a second, the ear perceived a distinct but very‘ 
sound. 

M. Despretz, however, who has investigated the same subject, disputes 
Savart’s results as to the limits of deep sounds, and holds that no sound is 
audible that is made by less than 32 single vibrations per second. Onthe 
other hand, he maintains that acute sounds are audible up to those corre-: 
sponding to 73,700 single vibrations per second. 

The discordant results obtained by these and other observers for the! 
limit of audibility of higher notes, are no doubt due to the circumstance 
that different observers have different capacities for the perception of. 
sounds. 

230. Dahamel’s graphic mothed.—When the syren or Savart’s wheel: 
is used to determine the exact number of vibrations corresponding to a 
given sound, it is necessary to bring the sound which they produce inte 
unison with the given sound, and this cannot be done exactly unless the. 
experimenter have a practised ear. M. Duhamel’s graphic method is very’ 
simple and exact, and free from this difficulty. It consists in fixing fixe’ 
point to the body emitting the sound, and causing it to trace the vibratioa’ 
on a properly prepared surface, 

The apparatus consists of a wood or metal cylinder, A, fig. 173, fixed 
a vertical axis, O, and turned by a handle, The lower part of the axis if 
a screw working in a fixed nut, so that, according as the handle is tumed 
from left to right, or from right to left, the cylinder is raised or depressed. 
Round the cylinder is rolled a sheet of paper covered with an inadhesive 
film of lampblack. On this film the vibrations register themselves, 
This is effected as follows : Suppose the body emitting the note to bea 
steel rod. It is held firmly at one end, and carries at the other a fine 
point which grazes the surfaces of the cylinder, If the rod is made to 
vibrate and the cylinder is At rest, the point would describe a short line; 
but if the cylinder is turned, the point produces an wadulating tract, 
containing as many undulations as the point has made vibrations. Coo- 
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CHAPTER It, 
THE PHYSICAL THEORY OF MUSIC, 


231, Properties of musical tones.—A simple musical tone 
from a continuous rapid isochronous vibration, provided the sai 
the vibrations falls within the very wide limits mentioned iq the ly 
chapter (229). Musical tones are in most cases compound. The d 
tinction between a simple and a compound musical tone will be 
later in the chapter. The tone yielded by a taning-fork furnis 
& proper resonance box is simple; that yielded by a wide-stopped. 
Beeere flute, is nearly simple; that yielded by a musical st 
compound. 
Musical tones have three leading qualities, namely, pitch, intent r 
fimbre ox colour, 

i, The pitch of a musical tone is determined by the number of 
per second yielded by the body producing the tone. 

ii. The énfensity of the tone depends on the exten? of the 
is greater when the extent is greater, and less when it is Jess. isi ji 
nearly or exactly proportional to the square of the extent or ampli 
the vibrations which produce the tone, 

Hii, The Ambre is that peculiar quality of tone which disti 
note when sounded on one instrument from the same hove when #0 
on another. ‘Thus when the C of the treble stave is sounded @ 
violin, and on a flute, the two notes will have the same pitch, 
are produced by the same number of vibrations per second, and th 
have the same intensity, and yet the two tones will have very d 
qualities, that is, their timbre: is different. ‘The cause of the 
timbre of tones will be considered later in the chapter. 

232, Bfustcal intervals,—Let us suppose that a musical tone, 
for the sake of future reference we will denote by the letter C, 
duced by # vibrations per second ; and Jet us further suppose 
other musical tone, X, is produced by # vibrations per second, mb 
greater then m; then the interval from the note C to the note X & 
ratio ; #, the interval between two notes being obtained by 
not by saéfraction. Although two or more tones may be sep 
musical, it by no means follows that when sounded together they p 
a pleasurable sensation. On the contrary, unless they are comeandianl 
the result is harsh, and usually unpleasing. We have bee 
enquire what motes are fit to be sounded together, Now when i 
tones are compared, it is found that if they are separated bby am inter 
of 2:1, 4: 1, etc., they so closely resemble oie another that they 
for most purposes of music be considered as the same tone, ‘Thus 
pose ¢ to stand for a musical note produced by 2av vibrations per 
then € and c so closely resemble one another as to be called in wmiiele! 
the same name, The interval from C to cis called an ectawy, and © 


ae =i 


= 
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to be an octave above C, and conversely C an octave below c. Ifwe 
consider musical sounds that do not differ by an octave, it is found 
if we take three notes, X, Y, and Z, resulting respectively from 4, g, 
- vibrations per second, these three notes when sounded together will 
vncordant if the ratio off : y : r equals 4:5:6. Three-such notes 
aharmonic triad, and if sounded with a fourth note, which is the 
‘eof X, constitute what is called in music a major chord. Any of 
otes of a chord may be altered by one cr more octaves without 
fing its distinctive character ; for instance, C, E, G, and c are a chord, 
5, 6 ¢&, form the same chord. 
however, the ratio p : g : r equals 10: 12: 15, the three sounds are 
ly dissonant, but not so much so as to disqualify them from pro- 
a pleasing sensation, at least under certain circumstances. When 
three notes and the octave to the lower are sounded together they 
itute what in music is called a minor chord. 
} he musical soale.—The series of sounds which connects a 
note, C, with its octave, ¢, is called the diatonic scale or gamut. 
rotes composing it are denoted by the letters C, D, E, F, G, A, B. 
scale is then continued by taking the octaves of these notes, namely, 
+S & @, 6, and again the octaves of these last, and so on. 
e notes are also denoted by names, viz. do, or ut, re, mi, fa, sol, la, si, 
The relations existing between the notes are these :—C, E, G, form 
jor triad, G, B, d, form a major triad, and F, A, ¢, form a major 
C, G, and F have, for this reason, special names, being called 
vely the tonic, dominant, and sub-dominant, and the threc triads 
dominant, and sub-dominant triads or chords respectively. 
equently, the numerical relations between the notes of the scale will 
ven by the three proportions— 








.nce if m denotes the number of double vibrations corresponding to 
rote C, the number of vibrations corresponding to the remaining 
twill be given by the following table— 


c D E F GA B e¢ 
m tm fm gm dm fn Em am 





intervals between the successive notes being respectively — 
CtoD DoE EtoF FioG GtoA AtoB Bue 
i ¥ # H v 2 u 
nill be observed here that there are three kinds of intervals, $, 
; Of these the two former are called a fone, the last a senile 
wo tones however are not identical, but differ by an interval of *!, 
1 is called a comma. Two notes which differ by a comma can fe 
y distinguished by an educated ear. The interval between the 
and any note is denominated by the position of the latter note in the 
; thus the interval from C to G isa fifth. The scale we have now 





formed that could be strictly called a minor scale, As scales are’ 
written, however, the ascending scale i ferlatraie se 6 


the descending scale they all bear Seder Gino 
composition, the dominant triad is always 

above are examined, it will be found that in the major scale 
from C to E equals 4, while in the minor scale it equals #. The! 
interval is called a “major third, the latter a ménor third, 
‘major third exceeds the minor third by an interval of $3. 

called a semitone, though very different from the interval 

that name, 

A complete discussion of the number of notes, and the intervals | 
them, will be found in an article hy Mr. Ellis, in vol, xilf. of the 
ings of the Royal Saciely (p. 93), On a Perfect Musical’ Seale’ 

234, Om semitones and on scales with different 
be seen from the last article that the term ‘ semitone” doos 
‘a constant interval, being in one case equivalent to }f and in af 

|}. It is folind convenient for the purposes of music to introd 
intermediate to the seven notes of the gamut ; this is done by 
‘or diminishing those notes by an interval of 3]. When a note {s 
increased by this interval, it is said to be sharpened, and is di 
symbol Cg, called ‘C sharp ;? that is, Cg-+C=82. When it is 
hy the samo interval, it is said to be flattened, and is rey ? 
B2, called B flat;" that is, B+ BY=35 If the effect of chis bee 
it will be found chat the number of notes in the scale from © 
has been increased from seven to twenty-one notes, all of which 
‘easily distinguished by the ear, ‘Thus, reckoning C to equal 4, %#. 


(one EES 2 F2 E ec 
mR Fe ee eee 


Hitherto we have made the note C the tonic or dey mote, 
of the twenty-one distinct notes above mentioned, eg. G, or F, or 
may be made the key note, and a scale of notes constructed 
ence to it. This will be found to give rise in each case toa series ot m 
some of which are identical with those contained in the series of w 
Cis the key note, but most of them different. And of course t 
would be true for the minor scale as well as for the major 
indeed for other scales which may be constructed by means of the fi 
mental t 

235. On musical temperament—The number of notes 
from the construction of the scales described in the last article 
mous ; so much so as to prove quite unmanageable in the practice 9 
and particularly for music designed for instruments with fixed 1 
suchas the pianoforte. Accordingly, it becomes practically: 
reduce the number of notes, which is done by slightly altering 
proportions. This process is called temperament. Hy te 
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able type. In accordance with the recommendations of that body, 
normal tuning-fork has becn established, which is compulsory oa 
musical establishments in France, and a standard has been deposited! 
the Conservatory of Music in Paris. 

It performs 870 single vibrations per second, and gives the 
note a, or the a in the treble stave. Consequently, with reference to 
standard, the middle C would result from 261 double vibratioas 
second. 

237. Wave length of a given note.—Knowing the number of vi 
tions which a sounding body makes in a second, the corresponding 
length is easily calculated. For since sound travels at about 1120 
in a second, if a body only made one vibration in a second its 
length would be 1120 fect: if it made two, the wave length would 
half of 1120 feet; if it made three, the third, and so on—that is, that 
wave length of any note is the quotient obtained by dividing the 

of sound by the number of vibrations ; and this whatever the height of| 
sound, since the velocity is the same for high and low notes. 

Hence, calling 7 the velocity of sound, / the wave length, # the 
of vib:ations in a second, we have v=/n, from which # =”, 
the number of vibrations is inversely as the wave length. 

238. On compound musical tones and harmontos.— When 
given note (say C) is sounded on most musical instruments, not 
tone alone is produced, but a scries of tones, each being of less it 
than the one preceding it. If C, which may be called the 
tone, is denoted by unity, the whole series is given by the nu 
1, 2, 3, 4s 5, 6, 7, ¢tc.; in other words, first the primary C is sour 
then its octave becomes audible, then the fifth to that octave, then 


second octave, then the third, fifth, and a note between the sixth 
seventh to the second octave, and so on. ‘These secondary tones 











called the harmonics of the primary fone, ‘Though feeble in comy 
with the primary tone, they may, with a little practice, be heard, 


mentally proving the presence of the harmonics as distinct tones, 
fessor Helmholtz devised an instrument which he called a resonance 
‘The principle involved in its construction is this: A volume of 
contained in an open vessel, for example a bottle, when caused to vil 
tends to yield a certain note, and consequently when that note is 


in its neighbourhood, to strengthen it (214). A resonance globe, fig. 
is a glass globe furnished with two openings, one of which, a, is 
towards the origin of the sound, and the other, 4, by means of an i 





instance, one of the lower notes is sounded on the pianoforte. 
239. Melmholts's analysis of sound.—For the purpose of 











rubber tube, is applied to the ear. If the tone proper to the 

globe exists among the harmonics of the compound tone that is. 
it is strengthened by the globe, and thereby rendered distinctly 
Further, 
depends on the 





ther things being the same, the note proper to a given 
neter of the globe and that of the uncovered 





| tone can be rendered distinctly audit 
ta doubt, ut 


Fig at 


coustical instrument maker, has made an impor- 
resonance globe to which be has given the form 
is and the end which 


ented 4 n “The resonator is cylindrical, 
; 6 ‘out, eo that the volume may be increased 
iol is 


the sound thereby becomes decper, the same resonator 
variety of notes. On the tubulure fits a cxoutchouc 

s may be transmitted in any direction. 
for the analysis of sound.—A3 the sc- 


devised a remarkable apparatus in which a series 
etric flames (262), the sounds thus become 
n to a large auditory. 
frame (fig. 177) on which are fixed in two parallel 
tuned 50 as {0 give the notes from F, to C,, that 
awhalf; or notes of which the highest give the 
-. On the right is a chamber, C, which is 
the cnoutchouc tube, D, and on which are 
cl with a manometric capsule (251,263), 
th the chamber C by a special caoutchouc tube, 
ratus @ second tube connects the same: jet to one of 
On the right of the jets is a system of rotating mirrors 
described. 


fis being understood, suppose the largest resonator on the 
pend with the note 1, and seven others with the harmonies 
‘sound 1 be produced in part of this apparatus; if it 
onator alone answers, and the corresponding flame 
the fundamental note is accompanied by one or 
corresponding resonators speak at the same 
‘by the dentation of their flames; and thus the 

may be detected. 


has verified the result of 
ion, the synthesis; that is, 
ing the individual sounds of 

















separately, the velocity of N at a given instant produced by the 

tone would be PN, and that of N at the same instant produced by ths 
latter tone would be QN. Consequently, as they are sounded Cogether, é 
actual velocity of N at the given instant is thoes of eee ea z 
If at the same instant we consider the point m, its velocity will 

of fu and ng jointly, but as these are in opposite directions, its act 
amount will be fu—ag. Hence the actual velocity resulting from 
coexistence of the two tones will be indicated by the curve in fig: 


ig. sto, 


% eS 2 oe 






whose ordinates equal the (algebraical) sum of the corresponding: 
nates of the two curves in fig. 180; that is, if AN, Am, . . . rep 


fo PN+QN, ra equal to pu—gn, and so on, ‘This curve shows 
successive ordinates the siroultancous velocities of the different partid 
‘of AB, and the successive velocities communicated to the drum of 
ear. An inspection of the figure will show that the velocities are fi 
great, then small, then great, and so on,the drum being first mov 
rapidly for a short time, then for a short time nearly brought to rest, am 
a0 on, In short, the effect of the beating of toncs on the ear as & 
with that of a continuous tone is strictly analogous to the effect 
on the eye by a flickering as compared with a steady light. 

It may be proved that when two simple tones are produced by 4 and 
# double vibrations per second, they produce m—m beats per se 
thus, if C is produced by 128, and D by 144 double vibrations per 
they will on being sounded together produce 16 beats per second. 
has been ascertained that the beats produced by two tones are not 
unless the ratio m7; is less than the ratio Hence, in the 
represented by fig. 181, though the alternations of intensity exist,’ 
would not be audible. Also, if the tones have very different f 
the intensity of the beat is very much disguised. 

It is found that when beats are fewer than 10 per second or 
7o per second they arc disagreeable, but not to the extent of prod 
discord, Beats from 10 to 70 per second may be regarded as the 
of all discord in music, the maximum of dissonance being attained 
about 3o beats are produced per second. For example, if ¢ and B 


co 


Physical Theory of Music. 195 


ded together, the effect is very discordant, the interval between those 

being 16: 15,59 that the beats are audible, and the number ot 

per second being 16. Onthe other hand, if C, E, and Gare sounded 
there is no dissonance, but if C, E, G, B are sounded together 
discord is very marked, since C produces ¢, which is discordant with 

._ It will be remarked that C, E, G is a major triad, while E, G, Bis a 

inor triad. 

‘Acompound musical tone, being composed of simple tones represented 

1, 2, 3, 4, 5, 6, 7, etc., does not give rise to any simple tones capable 

producing an audible beat up to the seventh—the sixth and seventh 

the first that produce an audible beat. It is for this reason that there 

Fis no trace of roughness in a compound tone, unless the seventh harmonic 

be audible. 

} Ifwe were to represent graphically a compound tone, we should proceed 

+ twconstruct a curve out of simple tones of different intensities in the same 

\ manner as fig. 181 is constructed from two Simple tones of equal intensity 

| represented by fig. 180. It is evident that the resulting curve will take 

{ different forms according to the presence or absence of different har- 

$ monics and their different intensities; in other words, the colour of the 
totes produced by different instruments will depend upon the form of 

, the vibrations producing the sound, 

i 245. Combinational tones. — Besides the beats produced when two 
musical notes are sounded together, there is another and distinct pheno- 
| menon, which may be thus described: Suppose two simple tones to be 
" simultaneously produced by vibrations of finite extent, and of % and m 
wibrations per second. It has been shown by Helmholtz that they 
generate a series of other tones. ‘The principal one of these, which inay 
be called the differential tone, is produced by n—m vibrations per 
second. Its intensity is generally very small, but it is distinctly audible 

beats. It has been called the grave harmonic, as generally its 
Fitch is much lower than that of the notes by which it is generated. It 
las been supposed to be caused by the beats becoming too numerous to 
be distinguished, and coalescing into a continuous sound, and this sup- 
position was countenanced by the fact that its pitch is the same as the 
beat number. The supposition is shown to be erroneous, first, by the 
existence of the differential tones for intervals that do not beat, and 
sccondly, by the fact that, under certain: circumstances, both the beats 
and the differential tones may be heard together. 

246. The physical constitution of musical chords.—Let us sup- 
pose two compound tones to be sounded together, say C and G, then we 
ebtain two series of tones each consisting of a primary and its harmonics, 
aamely, denoting C by 4, the two series, 4, 8 12, 16,... and 6, 12, 1%, 
wetc. Now, if instead of producing the two notes C and G, we had 
sounded the octave below C, we should have produced the series, 2, 4, 
& 8 10, 12, 14, 16, 18, etc. It is plain that the two former series 

Iwhen joined ditfer from the last in the following respects: («) The 
primary tone 2 is omitted. (6) In the case of the last scries, the con- 


ecutive tones continually decrease in intensity, whereas in the two former 
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peace wan S ere of the marae tena 18.0 ae te He 
two 12's will strengthen each other, and 30 on. (c) Certain 
monics of the primary 2 are omitted ; for example, 10, Hy Cty 
in either af the two former series. In spite of these c 
the two compound notes affect the car in a manner very 
sembling a single compound tone; in short, Or cena into 8 
tone with an artificial colour, It may be added that in theo 
taken C and G produce as a combination tone 2 (that Saye 
strictly speaking, the 2 is not wanted in the series produced by © 
G, only it exists in very diminished intensity. ‘The same 
apply to all possible chords; for example, in the case of the major ¢! 

. G, we have a tone of artificial colour 
simple tones, 4, 5,681 10,32, 35) 16, 18, ete., t 
tones, 1, 1, 22 nue ‘ne tole of a 
there are no Teeny tones introduced, except 15, 16, and 16, 18, aid 
this dissonance will be inappreciably slight, since 15 he third harmonic 
‘of 5,and the 16 the fourth harmonic of 4, so that their intensities wil 
be different, as also will be the intensities of 16 and 18. On the othtt 
hand, nearly all the tones which form a weéwra’ compound tone at) 
present, namely, there are 1, 2, 4, 5, 6, 8, 10, 12, ete. in place of 1,430 
4s 5; 5, 7; 8) 9, 10, 11, 12, ete" In short, the major triad differs only 
a waturad compound tone in that it consists of & series of simple tones 
different intensities, and omits those which by beating with its neighbeuhy 
ing tone would produce dissonance, for example, 7, which would 
with Gand 8; 9, which would beat with $ and’ 10; and 11, which 
beat with 10 and 12. It is this circumstance which renders the 
chord of such great importance in harmony. If the constituents of 
minor chord are similarly discussed, namely, three cot 
whose primaries are proportional to 10, 12, 15, it will be found to 
from the major chord in the following principal respects: (a) 
primary of the natural tone to which it approximates is very much 
than that of the corresponding major chord. (#) It introduces the d 
ential tones, 2, 3, §, which form a major chord. Now it has already! 
remarked that when a major and minor chard are sounded together, 
are distinctly dissonant; for example, when C, E, G, A, are 
together, Accordingly, the fact of the differential ae forming 
chord shows that an clementary dissonance exists in every minor ch 


CHAPTER IY. 
VIBRATIONS OF SYREYCHED STRINGS, AND OF COLUMNS OF AIR 





247. ‘Vibrations of atrings.—By a sérimg is meant the steing of 
musical instrument, such as a violin, which is stretched by a certagn for 
and is commonly of catgut or is a metallic wire. The vibrations 
strings experience may be either éninsversad or longitudinal, ut grad 
teally the former are alone important. Transversal vidrations mag) 





stringed Enstt 

which the length, diameter, tension, and substance of the strings : 
chozen, that given notes may be produced from them. 
254. Experimental verification of the laws of the tra . 
vibration of strings —/aw uf the lengths. Tn order to prove this ler 
we may cail to mind that the relative numbers of vibrations of the 
‘of the gamut are 

aie) e Ge 

a halt 


BOC 
y a2 
be made to vibrate, 


while the first makes two. 

Law of the tensions. Having placed on the sonometer two identical 
strings, they are stretched by weights which are as 4:9. ‘The sec 
now gives the fifth of the first, from which it is concluded that 
numbers of their vibrations are as 2 : 3, that is, as the square roots: 
tensions, If the two weights are as 16 to 25, the major third or § wo 
‘be obtained. 

Law of the densities. Two strings ot the same radius but diffe 
densities are fixed on the sonometer, Having been subjected tot 
same stretching weight, the position of the movable bridge on the 
one is altered until it is in unison with the other string, If then d andy 
are the densities of the two strings, and / and f the lengths which: 


in unison, we find 7-4, But as we know from the first 


ae 
? 


mt 2 vd 
“5 we have nare 
and toops.—Let us suppose the string AD (fig. 182). 
begin vibrating, the ends A and D being fixed, and while it is domg 
let a point, B, be brought to rest by a stop, and let us suppose DB to be 
one-third part of AD, The part DB must now vibrate about B- 
as fixed points in the manner indicated by the continuous and d 
lines; now all parts of the same string tend to make a vibration 
same time; accordingly, the part between A and B will not parton 


» Which verifies this law. 


the manner shown in the figure. If BD were one-fourth part of AD (fe 
183), the part AB would be subdivided at C and C’ into three vibra 
portions each equal to BD, The points B, C, C’ are called moder 

Points; the middle point of the part of the string between any two co 


= 





183, the existence of the node at € can be easily 
ght pieces of paper, and placing them on the 


Yin ey 






The one at C experiences only 
place, thereby proving the exist. 
the other two are violently shaken, and in most 


‘vibrates between fixed points A and B, its 
as might be inferred from the above 
of fact, partial vibrations are soon peoduced, and 


she vibrations. ‘The partial vibrations cor- 
shi toon ‘etc. parts of the string, It is by these 


of solid bodies, and the air only serves as a 

them. Jn wind instruments, on the contrary, 

tube are of adequate thickness, the enclosed colurtin 
body. In fact, the substance of the tubes is without 
primary tone; with equal dimensions it is the same 
‘of glass, of wood, or of metal. Thesedifferent ma 
than give rise to different harmonics, and impart 

the compound tone produced. 
hi er in which the air in tubes ismade to vibrate, 
divided into mouth instruments and reed instru- 


Tn mouth instruments all parts of the 
‘Fig, 185 represents the mouthpiece of an organ 
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pipe, and fig. 185 that of a whistle, or ofa flageolet. In both figa 
aperture # tx called the mouth ; it is here that air enters the pips 
aaare the /ipr, the upper one of which fsb 
‘The mouthpiece is fixed at one end of 

‘the other end of which may be either 
or closed. In fig. 186 the tube ean be fi 

a wind-chest by meané of the foot P. 

‘When a rapid current of air enters 
mouth, it strikes against the upper lip, 
shock is produced which causes the alt} 
é from o in an intermittent manner. In th 
es palette are produced which, transmni 
Jé the air in the pipe, make it vibrate, and ¢ 
is the result, In order that a pure n0 
be produced, there must be a certain } 
between the form of the lips and thea, 

r of the mouth; the tube also ought to 
= great Iength in comparison with its di, 
Favs  Miet!\ The number of vibrations depends in ger 

the dimensions of the pipe, and the velocity of the current of alr. 
254. Rees isasraments—f0 reed instruments a simple elastic 
7 sets the air in vibratic 
tongue, which is eit 
metal or of wood, if 
by a current of als 
rmouthpicoes of the ob 
bassoon, the clarion 
child’s trumpet, are d 
applications of the 


which, it may be rev 
is seen in its simplest 
the Jew's harp. Som 
pipes are reed. pipes, 
‘are mouth pipes. 

Fig. 187 represents’ 


of a reed pipe as con 
shown in lectures, It 
on the wind-chest | 
bellows, and the vit 
of the reed can b 
through a piece of 
fitting into the 
wooden horn, H, stre) 
the sound. 

ie 17 Fig Fig > ig. 188 shows tt 
out of the pipe. It consists of four pieces : rt, a rectangular 
tube closed below and open above at 0; 2nd, a copper plate c= | 
one side of the tube, and in which there is a longitudinal 9 
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‘trough which air passes from the tube MN to the orifice 0; 3rd, a thin 
thstic plate, i, called the songue, which is fixed at its upper end, and 
which grazes the edge of the longitudinal aperture, nearly closing it; 
ha carved wire, r, which presses against the tongue, and can be moved 
wand down. It thus regulates the length of the tongue, and deter- 
- mines the pitch of the note. It is by this wire that reed pipes are tuned. 
". The reed being replaced in the pipe MN, when a current of air enters 
by the foot P, the tongue is compressed, it bends inwards, and affords a 
pessage to air, which escapes by the orifice o. But, being elastic, the 
‘tongue regains its original position, and performing a series of oscillations, 
E. mccessively opens and closes the orifice. In this way sonorous waves 
reult and produce a note, whose pitch increases with the velocity of the 
curent. 

In this reed the tongue vibrates alternately before and behind the 
aperture, merely grating the edges, as is seen in the harmonium, concer- 
ima, etc.; such a reed is called a free reed. But there are other reeds 
j, Salled beating reeds, in which the tongue, which is larger than the orifice, 

stikes against the edges at each oscillation. The reed of the clarionet, 

represented in fig. 189, is an example of this; it is kept in its place by 
the pressure of the lips. ‘The reeds of the hautboy and bassoon are also 

ef this kind. 
255. Of the tenes produced by the same pipe.—Daniei Bemouilli 
F discovered that the same organ pipe can be made to yield a succession of 
tones by properly varying the force of the current of air. The results he 
arived at may be thus stated - 

i. If the pipe is open at the end opposite to the mouthpiece, then, de- 
auing the primary tone by 1, we can, by gradually increasing the force 
of the current of air, obtain successively the tones 2, 3, 4, 5, etc., that is 
tosay, the Aarmonics of the primary tone. 

ii. If the pipe is closed at the end opposite to the mouthpiece, then, 
denoting the primary tone by 1, we can, by gradually increasing the force 
of the current of air, obtain successively the tones 3, 5, 7, etc., that is to 
‘ay, the uneven Aarmonics of the primary tone. 

It must be added that if a closed and an open pipe are to yield the 
same primary tone, the closed pipe must be half the length of the open 
pe, if in other respects they are the sathe. 

In any case it is impossible to produce from the given pipe a tone not 
included in the above series respectively. 

Although the above laws are enunciated with reference to an organ 
Pipe. they are of course true of any other pipe of uniform section. 

256 Om the nodes and loops of an organ pipe.—The vibrations of 
the air producing a musical tone take place in a direction parallel to the 

axis of the pipe—not transversely, as in the case of the portions of a 
vibrating spring. In the former case, however, as well as in the latter, 
the phenomena of nodes and /oops may be produced. But now by a ode 
must be understood a section of the column of air contained in the pipe, 
where the particles remain at rest, but where there are rapid alternations 
of condensation and rarefaction. By a loop or ventral segment must ve 
«3 












In the case of a sto} ipe, the bottom is always a 
layer of air in San CaN cece Care 
variations in density. At the mouthpiece, on 
has a constant density, that of the atmosphere, and the = 
maximum, there is always a loop. In any stopped pipe there is =’ 


Fie wo Mew, Me ie Pic 9s Fig. ye? Fig ate 

fone node and (fig. 190); the pipe then yields its fi 
note, and the ‘apace 'N from the loop to the node is equal 16 
coadensed or rarefied wave length. 

If the current of air be forced, the mouthpiece always remains. 
and the bottom a node, the column dividesinto three equal parts 
and an intermediate node and loop are formed. ‘The sound 
the first harmonic, When the second harmonic (5) is produced, d 
are two intermediate nodes and two loops, and the tube is then « 
divided into five equal parts (fig. 192), and soon. 

ii, In the case of the open pipe, whatever tone it produces, 
be a loop at each end, since re the Weloked caliain of air is im o 
the external air at those points. “When the primary tone Is 9 
there will be a loop at each end, and a node at the middle 
pipe, the nodes and loops dividing the column into feo equal 
fig. 193). When the first harmonic (2) ie produced, there will = 





i 


column of air will be divided into ste 
‘alternate nodes and loops, and so on (fig. 195). Te-will be 
Me t the successive modes of division of the vibrating column. 
y ones compatible with the alternate recurrence at equal in- 
and loops, and with the occurrence of a Joop at exch end 






lene are several experiments by which the existence of nodes and 
Fain be shown. 
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fine membrane is stretched over a pasteboard ring, and has 
© it same fine sand, it can be gradually tet down a tube, as 
; 198. Now suppose the tube to be producing a musical 
descends, it will be sect in vibration by the 

‘But when it reaches a node it will cease to vibrate, for 
iatrest. Consequently the grains of sand, too, will be at rest, 
ce ‘indicate the position of the node, On the other 





the pipe to be caused to produce such a tone that the nodes are at 
NN‘ and the loops at V, V', V% At the latter points the density i 
the external air, and conscquently if the door at V’ is opened no) 
is produced in the note. At the former points N and N’ there an 
nately condensation and rarefaction taking place. If now the « 
NX’ is opened, this alternation of density is no possible, 
density at this open point must be the same as that of the exter 





changed. The change of notes produced by changing the finge 
the flute is, of course, one form of this 
ment. 
(©) Suppose A, in fiz. 197) to be 4 
emitting a certain note, and suppose P| 
plug, fitting the tube, fastened to the er 
Tong rod by which it can be forced do’ 
tube. Now when the plug is inserted, v1 
be its position, there will be a node ins 
with jt, Consequently, as it is gradually 
down, the note yielded by the pipe will k 
changing. But every time it reaches ap 
which was occupied by a node before itt 
tion, the note becomes the same as th 
originally yielded, For now the column 
vibrates in exactly the same manner az 
defore the plug was put in. 

(a) Fig. 199 shows another mode ef Mus 
the same point, which 1s identical in pi 
with Konig’s manometric flames. 
represeals an organ pipe, on one side of 
is a chest, P, filled with coal gas, by mm 
the tube S, The gas from the chest cor 
in three jot, A, B, C, and is then 
‘The manner in which the gas passe 
the chest to the point of ignition is 
Vie 19%. in the smallest figure, which is an € 
section of A. A circular hole is bored in the side of the prs and 
with a membrane, r, A piece of wood is fitted into the hole 
Jeave a small space between it and the membrane, ‘The gas pass 
the chest, in the direction indicated by the arrow, into the space } 
the membrane and the piece of wood, and so out of the tube a 
mouth of which it is ignited. Now suppose the pipe to be ca 
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eee ip shown that in 
RMieiys A ceca aucane od estore 


wo consccutive nodes there is always a /oop or 


‘existence of nodes and loops in a musteal 
and loops is to be explained by the co- 


‘a series of waves sets out towards Bud 


aves, whether of condensation or rarefaction, be 
B be the point from which the series of exactly 
A. It must be borne in mind that in the 
tion originating at A, the particles move in the 


n A, begins at the same instant that condensa- 

om B begins at D. Consequently, restricting 

im the line CD, at any instant the velocities 

to the former wave will be represented by the 
“SPRT, while those duc to the wave from B will 
he 6 tes of the curve TQrS, Then, since the 
velocity and are at C and 1) respectively at 
have, for any subsequent instant, CR equal to 

the middle point between C and D, we must have 
itly PIN equal to QN, that is to say, if the 

only one vibration, its motion at each instant 
‘to that of its motion if it transmitted only 

‘other words, the particle N will at every instant 
equal velocity in opposite directions by the two 
at rest, That point is therefore 

there is a node at N’ midway between A and C, 
tween Band D. In regard to the motion of 





bythe: 

they are given by the ardinates of the curve HNK. This <9 
change from instant to instant, and at the end of the timeoccupic! 
passage of a wave of condensation (or of rarefaction) from Ct 
cea the pion showy the dtd Tine ANA. Hence It is 


through N’ and N“; the part, however, between Nand 
times be on one side and sometimes on the other side of AB, H 
the particles between N’ and N have, simultaneously, first a 
the direction A to B, and then a motion in the direction B toy 
particles near C having the greatest amplitude of vibrations: 
uear N and N’ there will be alternately the greatest condensat 
rarefaction, 

‘This explanation applies to the case in which AB is the axis off 
organ pipe, A being the end where the mouthpiece is situated 
waves from B have their origin in the reflection of the series 0 
from A. In the particular case considered, the note yielded by) 
is that indicated by 3, that is, the fifth above the octave to the 
note, A similar explanation can obviously be applied to all othe 
and whether the end be opened or closed. But in the latter case t} 

of waves from the closed end must co} 
at a point distant from the mouthpio 
space equal to one-half, or three halves 
halves, etc. of the length of a wave 
densation or expansion, 

258. Chemical harmontcon. The 9 
open tube may be made to give a’sd 
means of a luminous jet of hydrogen, ¢ 
etc. Whena glass tube about 12 inch 
is held over a lighted jet of hydrogen (f 
a note is produced, which, if tha tube 
certain position, is the fuadamental mote 
tube, The sonnds, doubtless, arise ft 
successive explosions produced by the) 
combinations of the atmospheric oxyg 
the issuing jet of hydrogen. The appa 

ul the chemical harmonicon, 

The phenomena of the chemical hart 
and of singing flames have been P| 

. Prof. Tyndall, whose Lectwres om 
a number of very beautifal experiments 
subject. 

‘The note depends on the size of th 

and the length of the tube: with a long tube, by varying the po 





ee, ” 





‘the different types of sounding tubes which have been described. 
some, such as the organ, the notes are Arad, and require a se Pi 
for each note; in others the notes are ciervable, and are produced by ont 
‘one tube: the lute, horn, ete. are of this class. 

In the organ the pipes are of various kinds, namely, pera xt 
and stopped, and reed pipes with apertures of various shapes. By mea 
es organist can produce any note by both Hea 

the flute, the mouthpiece consists of lateral circular 
oa the current of air is directed by means of the lips, 30 that it ¢? 
the edge of the aperture’ The holes at different distances are 
either by the fingers or by keys; when one of the holes is 
is produced in the corresponding layer of which the d 
‘bution of nodes and loops in the interior, and thus alters the note. 
whistling of a key is similarly produced. 

‘The pandaan pipe consists of tubes of different sizes co 
the different notes of the gamut. 

In the trumpet, the horn, the trombone, cornet-A-piston, and. 
the lips form the reed, and vibrate in the mouthpiece. Tn 
different notes are produced by altering the distance of the lips. 
trombone, one part of the tube slides within the other, and the p 


can alter at will the length of the tube, and thus produce higher or! 
notes. In the cornet-d-piston, the tube forms several convolution 
placed at different distances can, when played, cut off com 
with other parts of the tube, and thus alter the length of the 
column of air, 


CHAITER V. 


VIBRATIONS OF RODS, PLATES, AND MEMBRANES. 


261. Vibrations of rods.—Rods and narrow plates of wood, of ¢ 
and especially of tempered steel, 12 in virtue of their elasticity, 
strings they have two kinds of vibrations, longitudinal and & 

‘The latter are produced by fixing the rods at one end,and p 

over the free part. Longitudinal vibrations are produced by 

rod at any part, and rubbing it in the direction of its length with 
of cioth sprinkled with resin. But in the latter case the sound is) 
produced when the point of the rod at which it has been fixed is 
aliquot part of its length, as a half, a third, of a quarter, 

It is shown by calculation that the nwinder of transverse wdbrat 
in a given time byrods and thin plates of the same kind is aractivel 
thickness, and inversely as the squaré of their length. The width oft 
does not affect the number of vibrations, A wide plate, however, reqal 
a greater force to set it in motion than @ narrow one, Itis, of & 
understood that one end of the vibrating plate is held firmly, 


= il 
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is axis. is 
rod, and whose surface is studded with steel teeth, arranged 
‘order, is placed near the plates. By means of a clockwork 
rotates, and the teeth striking the steel plate 
producing a tune, which depends on the arrange- 
linder. 


Plates.—Iin order to make a plate vibrate, it is 
(is, 203), 204 & bow rapidly drawn across one of the 
fixed at any point of its surface, and caused to vibrate 

string covered with resin against the edges of a 

ites contain nodal lines (251), which vary in number and 
to the form of the plates, their elasticity, the mode of 

of vibrations, ‘These nodal lines may be 

y covering the plate with fine sand before it is made to 
‘Seon a8 the vibrations commence, the sand leaves the 
d accumulates on the nodal lines, as seen in figs. 205 


je nodal lines may be determined by touching the 
to produce them. Their number increases 












eee 


The vibrations of plates are governed by the following: law 
of the same kind ard shape, and giving the same syrtem of nodal 
nuneber of vibrations per second és directly ax the thickness of 
anal inversely as their area, 

Gongs and cyméads are examples of instruments in which 
produced by the vibration of metallic plates. The glass 
depends on the vibrations of glass plates, 

263, Vibrations of membranes.—In consequence of their 
membranes cannot vibrate unless they are stretched, lke the 
drum. The sound they give is more acute in proportion as # 
smaller and more tightly stretched. To obtain vibrating o 
‘Savart fastened gold-beater’s skin on wooden frames, 
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‘This method, which depends on the persistence of visual 
the retina, consists in fixing 1 small mirror on the vibrating body, 





Pig. 26 





its own, 


Fig. 207 
vibrate with it, and impart to 2 luminous raya vibratory a | 
| 
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_ BL Lissajous uses tuning-forks, and fixes to one of the prongs a small 
ikallic mirror, we (fig. 206), and to the other a counterpoise, ”, which is 
wressary to make the tuning-fork vibrate regularly for along time. At a 
twyards' distance from the mirror there is a lamp surrounded by a 
luk chimney, in which is a small hole, giving a single luminous point. 
fhe tuning-fork being at rest, the eye is placed so that the luminous point 
sien at o, The tuning-fork is then made to vibrate, and the image clon- 
iiss so as to form a persistent image, of, which diminishes in proportion 
‘the amplitude of the oscillation decreases. If, during the oscillation 
fie mirror, it is made to rotate by rotating the tuning-fork on its axis, 
Isisuoss line, efx, is produced instead of the straight line of. These dif- 
‘went effects are explained by the successive displacements of the luminous 
vail, and by the duration of these luminous impressions on the eye after 
de cause has ceased, a phenomenon to which we shall revert in treating 
fission. 

It instead of viewing these effects directly they are projected on the 
saeen, the experiment is arranged as shown in fig. 207, the pencil reflected 
fon the vibrating mirror is reflected a second time from a fixed mirror; 
i which sends it towards an achromatic lens, /, placed so as to project 
the images on the screen, 

365. Combination of two vibratory motions in the same directi 
M. Lissajous has resolved the problem of the optical combination of 














Fig, 208 


tea vibratory motions—vibrating at first in the same direction, and then 
aright angles to each other. 

Fig. 208 represents the experiment as arranged for combining two 
arillel motions. Two tuning-forks provided with mirrors are so zrranged 
‘tat the light reflected from one of them reaches the other, which is almcst 
Brille! to it, and is then scnt towards a screen after having passed 
arvagh a lens. 

‘Unow the first tuning-fork alone vibrates, the image on the screen is 
Sesame as in figure 208; but if they both vibrate, supposing they 
te ia unison, the elongation increases or diminishes according as the 
‘ntaneous motion imparted to the image by the vibrations of the mir- 
tase er do not coincide, 
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Meme point and then ot another, enables the experimenter to alter the 
Wingements of the nodal lines at will, By means of the subdivider 
Be point is made to coincide with a loop, that is, a point where the 
of the membrane are at a maximum. 

When a seund is produced near the apparatus, the air in the ellipsoid, 
Be membrane, and the style will vibrate in unison with it, and it only 
ins to trace on & sensitive surface the vibrations of the style, and to 
Hitem. For this purpose there is placed in front of the membrane a 
Deper cylinder, C, turning round a horizontal axis by means of a handle, 
® On the prolonged axis of the cylinder a screw is cut which works in 
Set; consequently, when the handle is turned, the cylinder gradually 
Mrmces in the direction of its axis, Round the cylinder is wrapped a 
Mex of pxper, covered with a thin layer of lampbl: 
Th apparatus is used by bringing the prepared paper into contact 
Pike point of the style, and then setting the cylinder in motion round 
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Fig. 235 









removes the lampblack along a line which is a helix on the 
f, but which becomes straight when the paper is unwrapped. But 
® sound is heard, the membrane and the style vibrate in unison, 
the Tine traced ous is no longer straight, but undulates ; each undula 
corresponding to 4 double vibration of the style. Consequenti 
thus obtained faithfully denote the number, amplitude, a 
ser of the vibrations. 

Fig. 214 shows.the trace produced when a simple note is sung, and 
L 
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strengthened by means of its upper octave, The latter note ist 
by the curve of lesser amplitude. Fig. a1§ represents the sound 
jointly by two pipes whose notes differ by an octave. Fig. 216 in) 
lower line represents the rolling sound of the letter R when pronoun) 
with a ring; and fig. 217 on its lower line represents the sound produl 
by a tin plate when struck with the fingor. 

The upper lines of figs. 216 and 217 are the same, and represent 
perfectly isochronous vibrations of a tuning-fork placed near 
‘These lines were traced by a fine point on ane branch of the 


inSenes, each findulation of the par ins Cartapoaeaiaae 
a second; and thus these lines become very exact means: 
short intervals of time, For example, in fig, 216, exch of 
shocks producing the rolling sound of the letter K corresp 
18 double vibrations of the tuning-fork, and consequently 
‘or about 2th of a second. 

268, Monig's manometric Mames.—Kinig’s 0 
mitting the movement of the sonorous waves which 
gasiflames, which, by their pulsations, indicate the 
Far this purpose a metallic capesie, represetien! ta acne 





Pig, 218. 


is divided into two compartments by a thin membrane Of caoutchose} 
the right of the figure is a gas jet, and belowit a tube conveying coal: 
on the left is a tubulure, to which may be attached a eaoutchouc 
The other end of this may be placed at the node of an organ pipe (3 
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in a mouth-piece, in front of which a given note may be 
i> this is the arrangement represented in fig. 218, 
the sound waves enter the capsule by the mouth-piece and the 


Fie ms 





Vig 20. 


ihe teeibrane yielding to the condensation and rarefaction of the 
the coal gas in the compartment on the right is alternately con 


Vig. as 





Fig: eax. 






and expanded, and hence are produced alternations in the lengthy 
Game, which are, however, scarcely perceptible when the flame |x 
directly. Butto render them distinct they are received on a 


“a 


Se 
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ve. If one gives the fundamental note and the other the third, the 
e has the appearance of figure 222. 

the vowel E be sung in front of the mouth-piece first upon uf, and 
\ upon af, the turning mirror gives the flames represented in 
333 and 224; and by singing the vowel O on the same notes the 
25 and 226. 
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ON HEAT, 








CHAPTER L 
PRELIMINARY IDEAS. THERMOMETERS, 


269. Moat. Mypothesis as to its mature.—In ordin 
term /zat is not only used to express a particular sens3 
describe that particular state or condition of matter which’ 

Besides producing this sensation, heat acts ariously 
it melts ice, bolls water, makes metals 
electrical currents, decomposes compound bodies, and so forth. 

‘Two theories as to the cause of heat are current at the 
these are the theory of eneizsion and the theary Lieve: tia 

On the first theory, heat is caused by a subtle imponderable) 
‘surrounds the molecules of bodies, and which can pass from 
another. ‘These feat atmospheres, which thus surround the 
exert a repelling influence on each other, in consequence of whi 
acts in opposition to the force of cohesion. The entrance of thit 
stance into our bodies produces the sensation of warmth, its egress’ 
sensation of cold. 
On the second hypothesis the heat of a body is caused bdr} 
tremely rapid oscillating or vibratory motion of its molecules; and 
hottest bodies are those in which the vibrations have the bs 
and the greatest amplitude. At any given time the whole of 
cules of a body possess a sum of ws eta which is the heat they & 
‘To increase their temperature is to increase their vis viva, to lo 
temperature is to decrease their vis viva. Hence, on this view, het} 
not a substance but a condition of matter, and a condition which sal! 
transferred from one body to another. When a heated is 
in contact with a cooler one the former cedes more r 
than it receives ; but the loss of the former is the equivalent of 
of the latter. 
It is also assumed that there is an imponderable elastic ether, 
pervades all mattor and infinite space, A hot body sots this ia 
Mibralion, avd the vibrations, of thither. being. cate 
material objects set them in more rapid vibration, that is, increase! 






the nature of heat is now admitted 
2 ‘It affords a better ioe adie 


of heat will be considered, as 
cither hypothesis ; but we shall subse- 
adoption of the latier hypothesis. 


and if L be the equivalent of the external 


Q=A(We+ +L) 


bodies expand by the action of heat. As a 
the most expansible, then liquids, and lastly, 


nite figures, we can either consider the expan- 

the /énear expansion ; in two dimensions, the 

three dimensions, the cubical expansion or the 

ithough one of these never takes place without the 

1d gases have no definite figures, the expansions of 
to be considered, 

x1 on of solids, the apparatus represented in 

| metal rod, A, is fixed at one end by a screw 

d presses against the short arm of an index, K, 
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‘Division of the tube into parts of equal 
tadiettions of the thermometer are only correct when the 
acale correspond to el ends ean 
Gala sists graduate 50 45 to indicate parts egal pecs 
tube. If the tbe were quite <ylindsical’ and and . the same 
throughout, it would only be necessary to divide it into equal 
Hut as the diameter of glass tubes is usually greater at one @m 
another, parts of equal capacity in the tube are represented by u 
lengths of the scale. | 
In order, therefore, to select a tube of uniform calibre, a tht 
mercury about an inch long is introduced into the capillary) tab 
fhoved in different positions in the tube, care being taken to 
the same temperature. If the thread is of the same length 
part of the tube, it shows thar the capacity is everywhere the sam 
Af the thread occupies different lengths the tube is rejected, anda 
one sought, 
275. Pilling the thermometor,—In order to sea 
mercury, 4 small funnel, C (fg. 231), is blown on 
with mercury ; the tube i then i 
and the air in the bulb expanded 
with a spirit lamp, ‘The expanded ey 4 
escapes by the funnel, and pn. cote 
which remains contracts, and a portion 
mercury passes into the bulb D, The! 
then again warmed, and allowed to cook) 
quantity of mercury enters, and $0 on, a} 
bulb and part of the tube are full of i) 
‘The mercury is then heated to 
fnercurial vapours in escaping carry 
the air and moisture which remain in 
‘The tube, being full of the expanded 
and of mercurial vapour, is 
atone end, When the thermometer’ 
mercury ought to fill the bulb and. 
the stem. 
276. Graduation of the thers 
thermometer being filled, it requires 10 
duated, that is, to be provided with a 
which variations of temperature can be 
And, first of all, two points must be fiw 
represent identical temperatures and 
be easily produced. 
Wy, oy Experiment has shown that ice 
at the same point whatever be the degree of heat,and that 
under the same pressure, and in a vessel of the same kind, 
at the same temperature. Consequently, for the first fixed 
the temperature of melting ice has been taken; and for a secon 





<a 





dl vapour, the mercury expands, 
stationary, the point at which it stops is marked. 
‘The object of the second case, B, is to avoid. 
| tabulure by its contact with the air. 
point 100 (see next article) would seem to 


the height of the barometer is 778—that is, 
ds of 27, above 760-—water would boil at too 
, 1003 would have to be marked 

jcury stops, 
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raised by any salts which are dissolved, it 

necessary to use a metal vessel and distilled water in fixing the 
point. M. Rudberg has, however, shown that these latter precautions: 
superfluous, The nature of the vessel, and salts dissolved in ordi 
water, influence the temperature of boiling water, but not that of 
vapour which is formed. ‘That is to say, that if the temperature of 


Me 23 Vig. oa 


ing water from any of the above causes Is higher than 100 degrees 
temperature of the vapour does not exceed 1¢0, provided the pressumt 
not more than 760 millimeters. Consequently, the higher point may! 
determined in a vessel of any material, provided the thermometer be 
surrounded by vapour, and does not dip in the water. 

Evén with distilled water, the bulb of the thermometer must not 
the liquid; for it is only the upper layer that really has the temperature) 
too degrees, since the temperature increases from layer to layer 
the bottom. in consequerice of the increased pressure. 

278, Construction of the ncato,—Just as the foot-rule which is: 
as the unit of comparison for length is divided into « aumber of 
divisions called inches for the purpose of having a smatler unit of 
parison, so likewise the unit of comparison of temperatures, the 
from zero to the boiling point, rust be divided into a number of parts! 
equal capacity called deyrees, There are three modes in which this 
done. On the Continent, and more especially in France, this spect 
divided into 100 parts, and this division is called the Cenfigrindé or 








scale’ two others are tly weed 
Sainte, frequently us 


s fe 
points arc the same as on the 
e between them Is divided into 





North yiz axe 
is like that of the other scales, 

; but the null point or zero is the tem- 
equal weights of salammoniac and snow, 
: two points is divided into 212 degrees. 

the temperature was the lowest then 





rta certain number of Fahrenheit degrees (95 

degrees, the number 32 must first be sub- 
may count from the same part of the 
‘the example is thus 63, and as 5 degree Fahy 
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reaheic is equal to $/of a degree Centigrade, 63 degrees are 
63 #§ or 35 degrees Centigrade. 2 
If F be the given temperature in Fahrenheit degrees and C 
sponding temperature in Centigrade degrees, the former may bec 
into the latter by means of the formula 
(F-=32) $=C, 


and conversely, Centigrade degrees may be converte! into 
means of the formula 
fC432-F. 


‘These formula are applicable to all temperatures of the swo 
vided the signs are taken into account. ‘Thus, to convert the tet 
of § degrecs Fahrenheit into Centigrade degrees, we have 


G- 3 SES = mas C 


In like manner we have, for converting Réaumur into Fah 
degrees, the formula 
$R.+33=F, 


and conversely, for changing Fahrenbeit into Réaumur degrees, 
formula 


(F.=32) $=R. 


279. Displacement of xero— Thermometers, even when 
with the greatest care, are subject to a source of error which 
taken into account: this is, that in course of time the zero tends re 
the displacement sometimes extending to as much as 2 degrees; 30) 
when the thermometer is immersed in melting ice it no longer 
2040, 

This is generally attributed to @ diminution of the volume oF 
reservoir and also of the stem, occasioned by the pressure of Ot 
atmosphere. It is usual with very delicate thermometers to fill 
two or three years before they are graduated, 

Besides this slow displacement, there are often variations in i 
position of the zero, when the thermometer has been exposed to! 
temperatures, caused by the fact that the bulb and stem do not cot 
en cooling to their original volume (271), and hence it is nec 
verify the position of zero when a thermometer is used for ¢ 
determinations. 

Regnault has found that some mercurial thermometers, which 
at O and at 100°, differ between these points, and that these 4 
frequently amount to several degrees. Regnault thinks that t 
to the unequal expansion of different kinds of glass. 

280, Limits to the employment of mercurial then 
all thermometers in which liquids are used, the one with mereury: 
most useful, because this liquid expands most regularly, and 
obtained pure, and becatise its expansion between —36* and 


ay nae the same conditions. The aleohol 
jow temperatures, for it does not 

satest known cold. 
of the delicacy of & thermometer.—A therinometer 


z=1. When it indicates very small changes 
it quickly assumes the temperature of the 


ig attained by having a very narrow capillary tube and 
9 the: appa of the mercury on the stem is then 
of degrees, the 10 to 20 oF 20 to 30 for instance, 


y very senall, for then it rapidly assumes the tempera 
which itis 

thermometer should answer to the following tests: 
stem, to the top of the column of mercury, are im- 
be, the top of the mercury should exactly indicate o® C.z 
with its bulb and scale immersed in the steam of 
vessel (as in fg. 233), the barometer standing at 
iid be stationary at 100° C. When the instru- 
cury should fill the tube, and fall with a metallic 
‘complete exclusion of air. The value of the de- 
nh: to ascertain this, a little cylinder of mercury 
‘the column by a slight jerk, and on inclining the 
b pass from one portion of the bore to another. 1 
ated, the column will occupy an equal number 

the tube 
thermometer.Sir John Leslie constructed 
the difference of temperature of two neigh 
it has received the name differential ther= 
yo glass bulbs containing air, and joined by a 
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same in both branches. A zero is marked. at 
end of the liquid column, ‘To Eadiate the 
ratus, one of the bulbs is raised to 

1o® higher than the other. The air 

panded and causes the colunia| af 


eal rise in the other leg. When the 
Pip of tionary, the number ro is marked on 
at the level of the liquid, the distance between aero and 10 being 
into ro equal paris, both above and below zero, on each leg. 
ly. Matthiessen's 
thermometor, — Professor 
thicssen devised a form of 


valuable addition to our means o 
illustrating for lecture purpaiet 
many important experiments 
Its construction is cridett 
from the annexed figure (2i7 
‘The bulbs are pendent, and it can 
therefore be readily immersed a # 
liquid. In & tube which connect 
the two limbs there is a stopcoel 
which is very useful as a means of 
adjusting the level of the liquids 
a rather troublesome task ‘iil 
Leslie's instrument, 
255. Brecuct’s metanic 
meter.—Breguet invented = 
| mometer founded on the 

cxpansion of metals, and remarkable for jts delicucy. It coms 

three strips of platinum, gold, and silver, which are 

rolling mill so as to form'a very thin metallic ribbon. This is then 6 

form, as seen in fig. 238, and one end being fixed to a 
it needle is fixed to the other, which is free to move round a gr 


which is the most expansible of the metals, forms the 








a 
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column of liquid, and the temperature falls, the ‘cohmfur.contracts, 4 
carries the index with it, in consequence of adhesion, until it has seach 
the greatest contraction. When the temperature rises, the alcohol: 
pands, and passing between the sides of the tube and the index, doesi 
displace B. The position of the index gives therefore the lowest temp 
ature which has been reached : in the figure this was of degrees bel 
zero. 

287. Pyremeters.—The name Ayrometers is given to instruments { 
measuring temperatures so high that mercurial thermometers could 
be used, The older contrivances for this purpose, Wedgewood's, Dania 
(which in principle resembled the apparatus in fig. 227), Brongniart's, ql 
are gone entirely out of use. None of them gives an exact measure 
temperature. The arrangements now used for the purpose are ell 
based on the expansion of gases and vapours, or on the electrical proyl 
ties of bodies, and will be subsequently described. 

288, Different remarkable temperatares,—The following table gh 
some of the most remarkable points of temperature. It may be obser 
that it is easier to produce very elevated temperatures than very low ( 
grees of cold. 

Greatest artificial cold produced by a bath of bisulphide of 

carbon and liquid nitrous acid . + ergo? 

Greatést cold produced by ether and liquid carbonic acia.—110 

Greatest natural cold recorded in Arctic expeditions 

Mercury freezes. dati es ty i 

+ Mixture of snow and salt | oa es 

Icemelts .  . 

Greatest density of water - 

Mean temperature of London . 


Bloodhet . . . . + 7 ee 
Waterboils 2. ke 
Mercury boils Sm ie Bes 
Red heat (just visible) “(Daniell) . 

Silver melts . sone 


Cast iron melts . 
Highest heat of wind furnace }, 





CHAPTER II. 
EXPANSION OF SOLIDS. 


289. Zimear expansion and cubical expansion. Cecmictents 
expansion.—It has been already explained that in solid bodies the 
pansion may be according to three dimensions—linear, superficial, i 
cubical. 

The coeficient of linear expansion is the elongation of the unit of lea 


att degree will be r+, and the volume 

Dak zero, will be (144), or 14 34+384+8. But 

always a very I fraction (see table, art. 285), its 

cube #, are so small that they may be neglected, and 
agree becomes very nearly 1434. Conseque: 
34, of thrice the coefficient of linear expat 


expansion. Lavoisier 
ratus used by Lavoisier and Laplace 
inear expansion (fig. 240) consists of « 





Hough, placed on a furnace between four stone supports, On the 
Ese ight hand, there is a horizontal axis, at the end of 
erat ‘on the middie of this axis, and at right angles to #1, 
turning with it, as does also the telescope. The other 

joined by across piece of iron, to which another glass 

fixed, also at'right angles. The trough, which contains oil or water, 






@ furnace not represented in the figure, and the bar whose 
to be determined is placed in it. 
| represents @ section of the apparatus; G is the telescope, KH 


each, so thar NE = CU 

tion, and AB a corresponding deviation, there 

from which it follows that the ratio between the 

the deflection of the telescope is constant, for it is always equal to 
A preliminary measurement had vio et y was 


sequently, we mle whence HC~ AB, that is, the total 


then Ty the temperature of te bat, the quotient ite i 
‘unit of length and fora single degree—in other words, the: 
linear dilatation. 
291. Roy and Ramwsaden's metnoa.— Lavoisier and. 
is founded on an artifice which is frequently adopted i 
minations, and which Consists in amplifying by a known at 
sions which, in themselves, are too small to be easily me 
tunately this plan is often more fallacious than profitable, f 
necessary to determine the ratio of the motion measured to 
it depends, In the present case itis necessary to know tl 
the arins of the Jevel in the apparatus, But this prelin 
may introduce errors of such importance as partially to 
the advantage of great delicacy, The following method, whieh | 
by General Roy in 3787, and which was devised 
‘on another principle, It measures the elongations 
aunplifying them, but it measures them by means of a 
indicates very small displacements. ; 
‘The apparatus (fig. 242) consists of three parallel metal t1 
6 fect long. In the middle one there is a bar of the body 





i 
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Coefficients of tincar expansion—cominved. — 
Gold 1). . . . . C000rg660 Silver 2 2 1. 
Copper. . 4 . . cooooiiés Tins... oF 
Bronze . . . . . orovoor8i67 Lead . one 
Brass. - + Grooonrg782 Zinc... - s 






From what has been said about the linear dilatation (289), the | 
efficients of cubical expansion of solids are obtained by makipiton ed 
of linear expansion by three. 

‘The coefficients of the expansion af the metals vary with their physics 
condition, being different for the same metal according as it has b 
cast or hammered and rolled, hardened or annealed. As a general re 
operations which increase the density increase also the rate of expar 
But even for substances in apparently the same condition, different 
servers have found very unequal amounts of expansions; this may 
in the case of compound substances, such as glass, brass, or steel, 

‘want of uniformity in chemical composition, and in simple bodies foal 
slight differences of physical state. 

‘The expansion of amorphous solids, and of those which crystallise i 
the rogular system, is the same for all dimensions, unless they are a 
ject to a strain in some particular direction. A fragment of such a sub: 
stance varies in bulk, but retains the same shape. Crystals not belanj 
to the regular system exhibit when heated an unequal expansion in 
direction of their different axes, in consequence ef which the magnitu 
of their angles, and therefore their form, is altered. In the dimett 
system the expansion is the same in the direction of the two equal ast 
but different in the third. In crystals belonging to the hexagonal 
the expansion is the same in the direction of the three secondary 
but different from that according to the principalone. In the ui 
system it is different in all three directions. 

292, The coemictonts of expansion increase with the 
—According to Dr. Matthiessen, who determined the expansion of 
metals and alloys by weighing them in water at different 
the coefficients of expansion are not quite regular between o° and 10 
He found the following values for the linear expansion between o 





+ + Le, (140°00002741 4+ 0'0000000255 #9) 
Lead . . LiL, (1 +0-00002736 ¢+0'0000000074 4) 





Silver . L, (1+W'00001 509 ¢ + 010000000135 #) 
Copper. . 1L.=L, (t+cro0001 408 t+ 00000000264 #) 
Gold L.=L, (1 +0'00001358 £4 000000001 12 4) 


The same authority has found that alloys expand very nearly ace 

to the following law -—* the coefficients of expansion of an alloy are: 

to the mean of the coefficients of expansion of the volumes of the 
ing it! 

203. Formule relative te the expansion ef selids.—Let 

length of a bar at zero, /’ its length at the temperature & reaps: 






ding to £° is ¢ times a or af for a single unit 
“The length of the bar which is ¢ at zero is 


Pads othmdley of) 


1 payee teres 

finding « the coefficient of linear expan- 
REALE and ware respectively. 

he formula: for cubical expansion are entirely analo- 


ples of the application of these formulae: >— 
f and £°, what will be its length / at /°? 
we first get the length of the given bar at 


‘means of the same formula we pass from zero to 


tirs-0) 
Dok 


te 


being d at zero, required its density & at 2, 

the body at zero, anid D its coefficient of cubical 
e at fwill be 1+ De, and as the density of a body 
the volume which the body assumes in expanding, we 


naz) ea 2 1+Ds, + 
se es diate eS 
0 to F, its density, and 
is inversely as the binomial 


“the expansion of solids. —In the arts we meet 
sof the influence of expansion, (i,) The bars of 
ly at their extremities, but must, at bee 


‘too rapidly s arises from the fact 
ductor Sri, the sides become unequally 
lly expanded, which causes a fracture, « 
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‘When bodies have been heated toa high temperature, the | 
lucedl by their contraction on cooling is very considerable; it ise 
the force which is needed to compress or expand the material 


ssamé extent by mechanical means. According to Harlow a bar ¢ 
Jeable iron a square inch in section is cieckhed sohuath of its 

@ weight of a ton; the same increase is experienced by about 
difference of 45” C, between the cold of winterand the heat of 9 
is not unfrequently experienced in this country., In that range awh 
iron bar ten inches long will vary in length by j},th ofan inch and wi 
a strain, if its ends are securely fastened, of fifty tons. It has be 
culated from Joule’s data that the force exerted by heat in. expat 
pound of iron between o* and 100° during which ff increases abot 
‘of its bulk, is equal to 16,900 foot pounds; that is; it could raise a) 
‘of 7 tons through a height of one foot, 

(i) An application of this contractile force is scen in the m 

securing the tires on wheels. The tire being made red hot, aa 

considerably expanded, is Lae 
circumference of the wheel and 
cooled. ‘The tire, when cold, em 
the wheel with such force as not) 
secure itself on the rim, but also 0 
home the joints of the spokes # 
felloes and nave. (ii.) Another i 
ing application was made in the! 
a gallery at the Conservatoire dt 
et Métiers in Paris, the walls of 
had begun to bulge outwards, Tro 
were passed across the buildin 
screwed into plates on the oarside 
walls, Each altemate bar wa 
heated by means of Jamps, and'wl 
bar had expanded -it was screw 
‘The bars being then allowed té co 
tracted, and in so doing drew th 
together. The same operation 
formed on the other bars, 

205, Compensation pendstam 
important application of the exp 
of metals has been made in he 4 
sation pendulum, This is a pend) 
which the clongation, when the te 
ture rises, ie so compensated t] 
distance between the centre of sus} 
and the centre of oscillation (74) 4 
constant, which, from. the = 
% endulum (75), is necéssary for 
Fie oy Seas oscillations, and is order ¢ 
pendulum may be used as a regulator of clocks, 








the compensating strips become curved, 
ence of the copper contracting more than 


at their extremities become lower, If they 
tothe pendulum ball, the parts which 
suspension compensate those which tend 
‘of oscillation is not displaced. If the 

ham ball descends, but at the same time the 
“in fig, 246, So that there fs always com~ 


iting pendulums is the mercury pen- 

sh watchmaker, Graham. ‘The ball of the 

‘consists af a glass cylinder, containing 

d in & sort of stirrup, supported by a steel 
“ 
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sod. When the temperature rises the rod and stirru 


cury is much more expancible than steel, a co p ti 
without making the mercurial vessel of undue dimensions. 


Ss reguased by aati GFN 
with a spiral spring, and od th ON er Sie mre 


ing metal 
outside, and at the end of these are small masses of metal ch | 
the same part as the balls in the above case. When the 
expanded by heat, the small masses are brought nearer the centre 
seqoence of the curvature of the strips; and as they can be fixed 


position, they arc easily arranged so as to compensate for the: 
of the balance. 






CHAPTER III. 


EXPANSION OF LIQUIDS, 





1 capillary ster, the flask and part of the stem being Sled 
some coloured liquid, be immersed in hot water, the column of liq. 
the stem at first sinks, but then immediately after rises, and continues} 
do so until the liquid inside has the same temperature as the hot sate 
This first sinking of the liquid is not due to its contraction; it arises 
the expansion of the glass, which becomes heated before the heat 
reach the liquid ; but the expansion of the liquid soon exceeds that o 
glass, and the liquid ascends. 

Hence in the case of liquids we must distinguish between the a 
and the rea! or aésofvte expansion, ‘The apparent ¢xpansion 
which is actually observed when liquids contained in yexsel 
the abdsoliie expansion is that which would be observed if 
not expand ; of, as this is never the case, it Is the apparer 
rectod for the simultaneous expansion of the containing: vess 

AAs has been already stated, the cubical expansion of Hequldsta alo 
considered ; and as in the case of solids, the ccficient of exg 
liquid is the increase of the unit of volume for a single degree, bat 3 
tinction is here made between the civflicéent of absolute 
coefficient of apparent expansion, Of the many methods hs 
employed for determining these two coeificients, we shall describe 
Dulong and Petit. 


J absolute expansion of meroury.—In order (0 

tof absolute expansion of mercury, the influence of 
diminated. Dulong and Petit's method depends on 

¢ that, in two communicating vessels, the heights 

d in equilibrium are inversely as (heir densities 
ORT ire ited atl 


tub kept vertical on an iron support, Rts 
c! is adjusted ‘by means of two levelling screws and two spirit 
in. Each of the tubes is surrounded by a metal ease, of 
‘sznaler, D, is filled with ioe ; the other, E, containing oil, can 
| by the furnace, which is represented in. section so.as te show 
‘Mercury is poured into the tubes A and B; it remains at the 
jim pes ‘a4 lony as they are at the same temperature, but rises 
as it is heated, and expands, 
bethe eerie density of the mercury in the leg A, at 
and # anda’ the same quantities in theleg B. | From 
[hyetroceatical principle previously cited we have had Ad = i'd. Now 


f the problem in article 293," ~ 4, D being the coefficient of ab- 


fre expansion of mercury ; substituting, hg value of inthe equation, 
va Was 

ave A ic from which we get D= 4. 

‘be coefficient of absolute expansion of mercury Is obtained from this 





eights A’ and A, and the temperature ¢ of the bath 


‘the tube Bi f immersed. In Dulong and Petit's experiment 


fie 4 
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this temperature was measured by yee 
mercury of which overflowed into the basin, C, pee: ' 
thermometer, T (308) ; the heights 4° and / were measured by 2c 
mater, K (85). 
Dulong and Petit found by this method that the coctficient of. 
expansion of mercury, between oP and too? Cis gi But: 
that the coefficient increased with the temperature. Between 
200° it 15 sg, and between 200° and 3007 it is ‘The same 
tion has been made in reference to other liquids, showing that tho! 
pansion is not regular. It has been found that this ex: 
regular in proportion as liquids are near a change in their stare 
gation, that is, approach their freezing or boiling points. : 
Petit found that the expansion of mercury between ~ 36” and 100°is pr 
tically quite uniform, 
Regdault, who has determined this important physical 
found that the mean coefficient between o® and 105° iS xg 
and 260%, g/4,, and between 200? and 300%, sh. 
298. Coefictent of the apparent expansion 
efficient of apparent 
of a liquid varies with 
ture of the envelope. 


2 It consists of a lacs c 
Tig. 28 to which is joined a 
lary Senin tube, open at 

‘The apparatus is weighed first empty, and then when filled 
cury at zero; the difference gives the weight of the mercury, F. J 
then raised to a known temperature, £5 the mercury expands, a ¢ er 
quantity passes out, which is received in the capsule and weigh 
the weight of this mercury be f, that of the mercury remaining in: 
paratus will be Pp. 

‘When the temperature is again zero, the mercury in cooling 
an empty space in the vessel, which represents the contraction 
weight of mercury P=/, from /° (0 zero, or, what is the same fl 
expansion of the same weight from o to °, that is, the she weight 
sents the expansion of the weight P—, fo if 
in as by & sean Pp for a single unit of were would ¢ 


ey or and op 3 Fae for a single degreé; consequently, for 
bncwckdeniat apparent expansion of mercury in glass, we 
é 


Dee va Dulong and Petit found the coefficient of apparent ey 
sion of mercury in glass to be gah. 

299. Weight thormometor.—The apparatus represented fa 
called the weight thermometer, because the temperature can be 
from the weight of mercury which overflows, 





Of liquids between P and reo? C, 


aa pat ee pepmtine + » 6 OOF, 
«4 907 
+ 008 


7 . Or 
8 OIG 


expansion for 1° C, is obtained by dividing 
‘ut the number thus obtained does not represent 


Gand too? C, while water contracts from 


iments a knowledge of the exact expansion of 
‘This physical constant has been determined: 
laithiessem, who has found that between g* and 


53 (¢~4) + 010000008389 (/~4)" + 
19700000007 173 (f= 4)" 


1219000054734 f° 00000001126 
ing points, especially condensed gases, have 


‘Thilorier found that liquid carbonic 
as much as air. Drion has recently confirmed 





this observation, and has obtained analogous 
-ethyle, liquid cme ee i 
302. Correction of the barometric —It ha: 


ice. ‘The correction is made in the following manner 
Let H be the barometric height at and Ate height at 
density of mercury at zero, and its density at ® ‘The’ 


A are inversely as the donwities and @; that im, An% If we 


1 the volume of mercury at zero, its volume at © will be a D 
Deing the coefficient of absolute expansion of mercury. . 
Selumes, 1+ Dd and rare inversely as the densities pie 


im ae 
4 RSD? Consequently, 4 


1 by its value yyg, we have A = 


$508 

In this calculation, the coefficient of absolute expansion of 
taken, and not that of apparent expansii 
as ifthe glass did not expand, the barometric height being 
of the diameter of the tube, and therefore of its expansion, 

30}. Force exerted by Mquide to oxpanding.— The force 
liquids‘exert in expanding is very great, and equal tes ‘that ane 
be required in order ‘to bring the expanded Tiqi 
volume, Now we know what an enormous foree ie equired 
press 2 liqdid to even a very small extent. Thus between oF 
mercury expands by 60017905 of its valume at 0”; {ts compr 
@ro00ce295 of its volume for one atmosphere; hence a pressure 
than 600 atmospheres would be requisite to prevent mercury 
when heated from 0° to 10", 

‘J0}, Maxtmum Censity of water,—Water presents the ‘s 
phenomenon that when its temperature sinks it contracts up te 4° 4) 
from that point, although the cooling continues, it expands up 
freezing point, so that 4° represent the point of greatest co cei 
water. 

Many methods have been used to determine the maximum density’ 
water. Hope made the following experiment. He took a deep 
perforated by two lateral apertures, in which he fixed thermometers, 28 

ing filled the vesscl with water at 0°, he placed it in a room at &) 
perature of 15°. As the layers of liquid at the sides of the tense! 
heated they sank to the bottom, and the lower thermometer n 
while that of the upper one was still at zene. Hope then made the! 
experiment; having filled the vessel with water at 15%, he 
in a room at zero. ‘The lower thermometer having sunke 
mained stationary for some time, while the upper ane cooled down 










Pig aay 
ordinary 
that the water contracted to the greatest 


is of great importance in the economy of nature, In 

mature of lakes and rivers falls from being in contact 
and from other causes, such as radiation, The colder 
ul al series of currents goes on 
4. The cooling on the surface 


‘The ice formed thus protects the water below, 


‘at temperature of 4°, even in the most severe winters, a 
which fishes and other inhabitants of the waters are not 
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AND DENSITY OF GASES, 






are the most expansible of all 

time the most regular in their expansion. Theen- 

, 100, of the several gases differ only by very small 

al expansion of gases need alone be considered, 
‘ined the coefficient of the expansion of gases | 

presented in fig. 250, 

about 16 inches long, was fitted an air 
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thermometer, which consisted of a capillary tube, AD, with a be 
atone end. “The tube was divided into parts of equal capacity, 
contents of the bulb ascertained in terms of these parts. “This was efit, 
by weighing the bulb and tube full of mercury at zero, and then Bes} 
slightly to expel a small“ quantity of mercury, which was 

apparatus being again cooled down to zero, the vacant space in the 





Figs a5, 





corresponded to the wei of mercury which had overflowed; 
yolume of mercury remaining in the apparatus, and consequently 
volume of the bulb, was determined by’ calculations analogous tot 
made for the piezometer (92). 

In order to fill the thermometer with dry air it was first filled | 
mercury, which was boiled in the bulb itself, A. tube, C, filled’ 
chloride of calcium, was then fixed on to its end by means of = coi 
fine platinun wire having then been introduced into the stem AB, thry 
the tube C, and the apparatus being slightly inclined and agitated | 
sme to time, air entered, haying been previously well dried by pat 
through the chloride of calcium tube. The whole of the mercury 
displaced, with the exception of a small thread, which remained in 
tube AB as an index, 

The air thermometer was then placed in the box filled with md 
ice, the index moved towards A, and the point was noted at whit 
became stationary. This gave the volume of air at zero ; for the expt 
of the bulb was known. Water or oil was then substituted for the 
and the bath successively heated to different temperatures. The s} 
panded and moved the index from A towards B. ‘The position of 
index in cach case was noted, and the corresponding temperature 
indicated by means of the thermometers D and E. 

Assuming that the atmospheric pressure did not vary during 
experiment, and-neglecting the expansion of the glass as being too § 
in comparison with that of the air, the total expansion of the a 
obtained by subtracting from its volume at given temperature, its ¥0 
‘at rero, Dividing this by a given temperature, and then by the } 


OF ‘cull 
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of units contained in the volume at zero, the quotient is the coefficient 
jexpansion for a single unit of volume and a single degree ; that is, the 

ient of expansion, It will be seen, further on, how corrections for 
re and temperature may be introduced. 

By this method Gay-Lussac found that the coefficient of expansion of 
ir was 0100375 ; and he enunciated the two following laws in reference 
the expansion of gases :— 

1. AU gases have the same coefficient of expansion as air. 

Il. This coefficient is the same whatever be the pressure supported by 
gas, 

These simple laws are not, however, rigorously exact (306) ; they only 
Jpress the expansion of gases in an approximate manner. 

306, Preblems om the expansion ef gases.—Many of the pro- 
relative to the expansion of gases are similar to those on the 
sion of liquids. With obvious modifications, they are solved in a 
lar manner. In most cases the pressure of the atmosphere must be 

into aécount in considering the expansion of gases, The following 
an example of the manner in which this correction is made :— 

i The volume of a gas at , and under the pressure H, is V’; what 
be the volume V of the same gas at zero, and under the normal 
sure 76a millimeters ? 
Here there are two corrections to be made ; one relative to the tem- 
re, and the other to the pressure, It is quite immaterial which 
taken first. Ifa be the coefficient of cubical expansion for a single 
Hegree, by reasoning similar to that in thecase of linear expansion (289), 
volume of the gas at zero, but still under the pressure H, will be 
W’__ This pressure is reduced to the pressure 760, in accordance with 


i whence 





ii, A volume of gas weighs P’ at ; what will be its weight at zero? 

Let P be the desired weight, « the coefficient of expansion of the gas, 
its density at &, and d its donsity at zero. As the weights of cqual 
whmes are proportional to the densities, we have po | [ft be the 
a 


‘Ylume of a gas at zero, its volume at ¢ will be 1 + af; but as the densities 


a. and therefore 


aeinversely as the volumes 
Se ee din tacae 


hence 
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tin ‘the apparatus represented in fig, 252. It 
‘with ice, and the end re ae 
in the mercury bath, C. 
reservoir Bhad sunk to 






of this column, Go, 
called A, a movable rod, go, 
il its point, 0, was flush 
mercury in the bath ; 

the point 0 and the 
mercury G was measured by 







of the mercury in the reservoir ahd in the tube 

ve coeflicient of the cubical expansion of glass, and D the 
mereisry at rero, the coefficient « of the cubical expansion ot 
n im the following manner. ‘The volume of the reservoir 


the tube at zero is 1” from the formula P=VD (120); conse- 

“this volume is 

CEN ee ogee 2 so OS 

[Eapernire Fy seruming, at i the cas that the reservoir and 
‘as if they were solid glass, But from the formula P= VD, 

the of air in the reservoir at zero, and under the pressure H’—A, 

, ‘At the same pressure, but at f°, its volume would be 


BPs 


hos eed (166), at the pressure H, under which the tube was 
volume must have been 


=P) (tf) (HM) 
1H 


eee e 


the volumes represented by these formulas, (1) and (2), are eack 


be 
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sent Doig, volo vot the ronekyo\e Nel OR re Ee 
equal, Removing the denominators, we have 
P (r+) H= (PP) (tof) (H'-A). . sw se 
from which the value of « is deduced. 

‘The means of a great number of experiments between 2ern and | 
and for pressures between 300 millimeters and 500 millimeters, gave 
following numbers for the coefficients of expansion for sage deg 


Air... 5 + + + 0os6ig0 Hydrochloric acd . “9 

1 2 + 010036678 Cyanogen. . . - 5 
Nitrogen... . . 070036682 Carbonicacid . . ¢ 
Sulphurous acid, . . 070036606 


These numbers, with which the results obtained by Magnus 
‘Agree, show that the coefficients of expansion of the permanent, 

ery lies but that they are slightly greater in the case of the 
sible gases, such as carbonic and sulphurous acids. 
found that, at the same temperature, the coefficient of 
gas increases with the ioeed which it supports, Finally, he hat 
that the coefficients of expansion of two different gases differ more 
proportion as they are under greater pressures. 

‘The number found by Regnauit for the coefficient of the es 
air, 01003665, is equal to. ~ 1 nearly; and if we take the cod 
of expansion at 0°0036665 . . . it maybe represented by the 
she v which is very convenient for purposes of calculation, ~ 

Air thermometer,—The air thermometer \s based on the 
es mf alt, When Wr fs sed to reerure small ferences 
rature, it has the same form as the tube used by Gay-Lussac in 

the expansion of air (fig. 250), that is, a capillary tube with, 
atthe end. The reservoir being filled with dry air, an index of ci 
sulphuric acid is passed into the.tube ; the apparatus is then gi 
in Centigrade degrees by comparing the positions of the index 
indications of a mercurial thermometer. 
must remain open ; otherwise, the ai 
panding at the same time as that in the bulb, the index would 
stationary. A correction must be made at eaeh observation for 
mospheric pressure, F 

When considerable variations of temperature are to be me: 
tube has a form like that used in Regnault’s experiments (iy 380 
252). By experiments made as described in article 307, P, Py 
and A, may be found, and the coefficients a and 3 being 
perature to which the tube has been raised is readily di 
equation (3). 

Regnault’s researches show that the air and the mercurial thermonm 
agree up to 260°, but above that point mercury expands relatively: 
than air, 

In cases where vety high temperatures are to be measured the fee 
yoir is made of platinum The use of an air thermometer is 














it (297) 5 Ht was by such an upipatafan the 
correspont to the colours which 
In a fire, and found them to be as follows — 


Desig white . 


high temperatures De: 
Sumage the pear a inetd of air. 
r of gases.—Tho relative density of a gas, or its 
is the ratio of the weight of a ccrtain volume of the gas to that of 
‘air; both the gas and the air being at zero and at 


to find the specific gravity of a gas, it is necessary 

t of a cettain Volume of this gas, at a pressure of 

temperature of ecro, and then the weight of the 

punder the same conditions. For this purpose a large 

pe wanns c capacity is used, the neck of which Is pro- 

‘ich can be screwed to the air pump. The 

i ee, and then full of air, and afterwards full of 
at uestion. The weiglits of the gas and of the air are obtained by 
ct Se ie sie ci from the weight of the 
J, respectively Bake: Sia cs ‘The quotient, obtained by 

‘by the former, gives the specific gravity of the 

t to make these determinations at the same temperature 

refore all the weights are reduced to zero and the 


millimeters, 

by causing them to pass through drying tubes 
the globe, and ee must alse be passed over potash Lo 
acid. Ane as even the best air pumps never pro- 
jum, it is necessary to exhaust the globe until the 

marks the same pressure, 
been’ ‘exhausted, dried air is allowed to enter, and 
uit the globe Is perfectly dried, 
d until the residual tension, in millimeters, is « 
chausted globe is f ‘Air, which baa been dried and 
through potash and chloride of calcium tubes, is then 
f The weight of the globe full of airis P. If H 
“in millimeters, and ¢° the temperature at the 
is ‘ice dad globe full of air at the tempo» 


t to the pressure 760 millimeters and the tempera- 
‘coefficient of the expansion of air, and é the coef 


Lexpansion of glass, From erie law the weight, 
ppm of H—« would be PA) 76 under 


° ie same temperature neg “Tethetoen- 
: capacity of the lobe will diminish in the ratio 1¢% 





Pre 
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eee la Oa eal eis ps coe eee 
from the problemsin art, 306, Consequently, the weight of the air 
globe at o” and ar the pressure 760 millimeters will be 


— p)_.760 (3 +08) 5 Daa h- 
(oid 
Further, let a” be the coefficient of expansion of the gas in question 
P' be the weight of the globe full of gas at the temperature £ and 
pressuro H’, and let 9’ be the weight of the globe when it is exhausted. 
the tension ¢; the weight of the gasin the globe at the pressure 760a0d6 
temperature zero will be 
py, 760K + at) 
PP ey (rae?) 


ig the latter formula by the former we obtain the denalty 

















If the temperature and the pressure do not vary during the experi 


oHfand?ar: = PLP) (140 = Pre, 
HeHfand eae; whence D= A), and Wasa Dm os 

310, Rognault’s method of determining the deusity of ases— 
Regnault has so modified the above method that many of the correc 
may be dispensed with. ‘The globe in which the gas is weighed is 
pended from one pan of a balance, and is counterpoised by meant of 
second globe of the same dimensions, and hermetically sealed, susp 
from the other. These two globes expanding at the same time 
displace the same quantity of air, and consequently variations i! 
temperature and pressure of the atmosphere do not influence ie 
weighing. The globe, too, is filled with the air or with the gay 
temperature of zero, This is effected by placing it in a vessel 
ice, as shown in fig. 253 It is then connected with a three-way cock 
‘A, by which it may be connected either with an air pump, or with | 
tubes M and N, which are connected with the reservoir of gas. 
tube/M and N contain substances by which their action on the gas 
and purify it. 

‘The stopcock A being so turned that the globe is only connected. 
the air pump, a vacuum is produced ; by means of the same cock 
connection with the machine being cut off, but established bets 
and N, the gas soon fills the globe. But as the exhaustion 
have been complete, and some air must have been left, the glotse i: aga 


‘exhausted and thefaig allowed to enter, and the process 

is thoughtall air is removed. The globe being once more pr 
differential barometer (fig. 113), connected with the app 

tube E, indicates the pressure of the residual rarefied gas ¢ go 
cock B and detaching A, the globe is removed from the ioe, an a 
boing cleaned is weighed. 





ca 
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760 millimeters pressure is pj, that of distilled water under 
cumstances, The weight of the vessel full of air, less the 
contained air, gives the weight of the vessel itself From these! 

—the weight of the vessel full of the gas, the weight of the ait 
contains, and the weight of the vessel alone—the specific gravity 
as is readily deduced, the necessary corrections being made foe tempi 
rature and pressure, 


Density of gases at sero and at a pressure of 7 millimeters, that of 
Being taken as unity. 





+4 $0008 Sulphureted hydrogen 
+» 00693 Hydrochloric acid, 
Marsh gas =... 0'5590_Protaxide of nitrogen 
Ammoniacal gas 05367 Carbonic acid. 


Carbonic oxide . - ooo Cyanogen, 2 
Niwogen . + o'9714 Sulphurous acid 
Binoxide of nitrogen’ | 110360 Chlorine . 
Oxygen. |... 111057 Hydriodie acid. 






Regnauld has furnished the following determinations of the welght of 
litre of the most important gases at o* C, and 760 mm. :— 











Air... 1293887grms, Nitrogen. , 1agoi67g 
Oxygen. «17429802 Carbonic acid. NORTH 
Hydrogen... o'o89578 


CHAPTER V. 
CHANGES OF CONDITION. 





VAPOURS: 


312. Fusion, Xte taws.—The only phenomena of heat with 
mae hitherto been engaged have been those of expansion. Th 
of solids it is easy tosee that this expansion is limited, For i pri 
‘as a body absorbs a larger quantity of heat, the repulsive force 
the molecules is increased, and ultimately a point is reached ar 
molecular atraction is not sufficient to retain the body in the solid) 
A new phenomenon is then produced : fusto takes pilace; ths 
ody passes from the solid! into the liquid state, 

Some substances, however, such as paper, wood, wool, and oe 
do not fuse at a high temperature, but are posed. 
have long been considered resraccory ; that is, Incapable of fi 
in proportion as it has been possible to produce higher tem 
number has diminished. Gaudin has succeeded in fusing rock: 
means of a lamp fed by a jet of oxygen; und more recently D 
combining the effects of the sun, the voltaic battery, and the 


at a certain temperature, which ts t= 
by of th “ of heat, from the moment 
‘hatewe intensity of the source 
ahaa A of the body ceases to rise, and remains 
‘until the fusion is eowplete, 


| Fusing points of certain substances. 
+ e388? Sodium. 
+7125? Rose's fusible metal 
Sulphur 


9 
pra 
ag 
228 
264 
331 
335 
a2 
45° 
1000 
1350 
1500 


‘This intermediate condition is 

Such substances may be said 

temperature at which perceptible softening occurs, 

ity melted when the further clovation of temperature does not 
Auld; but no precise temperature can be given as their 


principles of the mechanical theory of heat that, 

¢, the melting point of a body must be raised, 

‘on passing from the solid to the liquid state 

xternal work—namely, to raise the power of the atmo- 
punt of thisexpansion. Under ordinary circumstances, 
Gris witch solids and liquids thus perform is so 

d. But if the external pressure be increased, 

“it can only be obtained by an. increase of 

‘This increase can do more work; the tempera- 

heat of fusion are both increased. Thus 

srmacesi, which melts at 48° under a pressure of 

at $1° undera pressure of 136.atmospheres. Hopkins 
at 60° under a pressure of $19 atmospheres, 





as the internal heat—namely, in breaking up the crystalline agg 
Yet these differences af temperature must be but small, for the 
forces in solids preponderate far over the external pressure ; the 


‘work is far greater than the external. 

Sir W. Thomson found that pressures of 8-1 and 16-8 atr 

lowered the melting point of ice hy 0-039" and ort 26" respectively, 

stify the theoretical previsions of Prof, 'T. Thorson, ac 

an increase of pressure of # atmospheres lowers the | 
oe of ice by o07gn? C. 

4. Alloys. Flazes.—Alloys are generally more fusible than | 

Pits metals of which they are composed for instance, an 
parts of tin and one of Jead fuses at 194°, ‘The alloy known a 
Susible metal, which consists of 4 parts of bismuth, + part of lead and 
‘of tin, melts at 9°, and an alloy of 1 ot 2 parts of cadmium with’ 
of tin, 4 parts of lead, and 7 or § parts of bismuth, known as H/% 
metal, melts between 66° and 7a? CL Fusible alloys are of exte 
use in soldering and in taking casts, Steel melts at a lower temp 
than iton, though it contains carbon, which is almost com 
fusib! 

Mixtures of the fatty acids melt at lower temperatures than th 
acids. A mixture of the chlorides of potassium and. of sodium 
ata lower temperature than either of its constituents; the same 
case with a mixture of the carbonates of 
‘especially when they are mixed in the proportion of their ¢l 
‘equivalents, 

An application of this property is met with 
are much used in Tater operations. ‘They consist 
which, when added to an ore, partly by their chemical > 
Petition ok the sabwance to the metallic Atareaat partly 
a readily fusible medium, promote the formation of a regulus. 

‘315. Latent heat.—Since, during the passage of a body from: 
‘to the liquid state, the temperature remains constant until the | 
complete, whatever be the intensity of the source of heat, it m 
cluded that, in changing their condition, bodies absorb a 
amount of heat, the only effect of which is to maintain then: in 









state. This heat, which is not indicated by the thermometer, 
datent heat, or latent heat of fusion, an expression which, though 
Strict accordance with modern ideas, is convenient from the fac 
saniversal recognition and employment. 

An idea of what is meant by latent heat may be obtained from tf 


a 





eee se anes osaks jantity of heat 
an hence its that dou wonltion of 0 SubeC 


Consequently, wee the one or the other 
the temperature ba 


fat ‘or canfelatiin la the yasnigeotd 
the solid state. This phenomenon is regulated 


nee of the fact that the latent heat ab- 
aren wt the moment of solidification, 


Boigu pectide of nitrogen, solid carbonic 
alcohol to such a consistence that the vessel 

without losing the liquid. 
nerally speaking, bodies which pass slowly 
d state assume regular geometrical forms, such 
drons, &e. ; these are called erystals, Tf 
‘a body in fusion, such as sulphur or bismuth, 
to take place by the dry way. But ifthe eryst 
n the slow evaporation of a solution of a salt, it 





en 





’ 


said.to be by the sais ‘Snow, ice, and 
Roped awauanenccs 4 


of pure 

viously freed from air by boiling and then kept in yb as 

In fact it may be cooled to —15°C,, and even below, without fre 
But when it is slightly agitated, the liquid soon solidifies, ‘The 
the quantity of liquid the lower the temperature to which itean b 
and the greater the mechanical disturbance it supports without 
Fournet has observed the frequent occurrence of mists formed 

of liquid matter suspended in an atmosphere whose ten 

even 15? below zero. 

A very rapid agitation also prevents the formation of ice. ‘The: 
the case with all actions which, hindering the molecules in their m0 
ments, do not permit them to arrange themselves in the conditions| 
sary for the solid state. M. Despretz was able to lower the tempera 
‘of water contained in fine capillary tubes to. —20° without their so 
fying. This experiment shows how it is that plants in many cases 40 
become frozen, a3 the sap is contained in Yery fine capillary 
Finally, M, Mousson has found that a powerful Pressure oot aly 
the freezing of water, but prevents its complete solidifi 
case the pressure opposes the tendency of the eee 
and thus virtually lowers the point of solidification. 

If water contains salts or other foreign bodies its freezing point 
ered. Sea water freezes at —2°5° to — 3° C.; the ice which forms 
pure, and a saturated solution remains, In Finland, advantage! 
of this property to concentrate sea water for the purpose of extract 
from it, If water contains alcohol, precisely analogous’ p 
observed ; the ice formed is pure, and all the alcohol is cos 
residue. 

Dufour has observed some very curious cases of liquids cooled: 
contact with solid bodies, His mode of experimenting was to 
liquid in another of the same specific gravity but of lower melting: 
and in which it is insoluble. Spheres of water, for instance, ' 
in a mixture of chloroform and oil, usually solidified between 
—12%, while some smaller globules cooled down to —18° or —20%) 
tact with « fragment of ice immediately set up congelation, 
sulphur (which solidifies at 115*) remained liquid at 4° ; and. 
phosphorus (solidifying point 42°) at 20% 

When a liquid solidifies after being cooled below its 
point, the solidification takes place very rapidly, and is 
disengagement of heat, which is sufficient to raise its temp 
the point at which solidification begins up to its ordinary ring pe 
This is well seen in the case of hyposulphite of sodium, vwhich 
‘own water of crystallisation at 45°, and when carfeully cooled will 
liquid at the ordinary temperature of the atmosphere, If it then be} 
to solidify by agitation, or by adding a small fragment of the solid 
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erise of temperature is distinctly felt by the hand. In this case the 
at which had become latent in the process of liquefaction again becomes 
€, and a portion of the substance remains melted ; for it is kept liquid 
the heat of solidification of that which has solidified. 

320. Change of volume en solidification and lHquefaction.—The 
ie of expansion of bodies generally increases as they approach their 
ating points, and is in most cases followed by a further expansion at 
= moment of liquefaction, so that the liquid occupies a greater volume 
am the solid from which it is formed. Phosphorus, for instance, increases 
out 3°4 per cent. on liquefaction ; that is, 100 volumes of solid phos- 
jorus at 44° {the melting point) become 103:4 at the same temperature ——_ 
xen melted. Sulphur expands about 5 per cent. on liquefying, and 
taric acid about 11 per cent. 

Water presents a remarkable exception ; 1t expands on the moment of 
Sidifying, or contracts on melting, by about 10 per cent. One volume of 
wat 0° gives 0°9178 of water at 0°, or 1 volume of water at 0° gives 1"102 
Wice at the same temperature. In consequence of this expansion, ice 
‘on the surface of water. According to Dufour the specific gravity 
ice is 09178; Bunsen found for ice which had been freed from water 
boiling the somewhat smaller number 0'91674. 

The increase of volume in the formation of ice is accompanied by an 
sive force which sometimes produces powerful mechanical effects, 
which the bursting of water-pipes and the breaking of jugs containing 
are familiar examples. The splitting of stones, rocks, and the 
ling up of moist ground during frost, are caused by the fact that water 
tes into the pores and there becomes frozen ; in short, the great 
sion of water on freezing is the most active and powerful agent of 
tion on the earth’s surface. 

‘The expansive force of ice was strikingly shown by some experiments 
Major Williams, in Canada. Having quite filled a 13-inch iron bomb- 
‘ell with water, he firmly closed the touch-hole with an iron plug 
‘weighing 3 pounds, and exposed it in this state to the frost. After some 
time the iron plug was forced out with a loud explosion, and thrown to a 
stance of 415 feet, and a cylinder of ice 8 inches long issued from the 
(pening. In another case the shell burst before the plug was driven out, 
and in this case a sheet of ice spread out all round the crack. It is pos- 
‘ible that under the great pressure some of the water still remained liquid 
wio the time at which the resistance was overcome ; that it then issued 
fom the shell in a liquid state, but at a temperature below 0°, and therc- 
fore instantly began to solidify when the pressure was removed, and thus 
Ruined the shape of the orifice whence it issued. 

Cast-iron, bismuth, and antimony expand on solidifying like water, and 
‘an thus be used for casting ; but gold, silver, and copper contract, and 
hence coins of these metals cannot be cast, but must be stamped with a 

® 
BI. Freezing mixtures—The absorption of heat in the passage of 
vies from the solid to the liquid state has been used to produce artificial 
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Substances 


Sulphate of sodium... B 
Hydrochloric acid. «2. sft 
Pounded ice or snow. 5. 2 
Commonelt , sb, tue 
Sulphate of sodium 2). iin 
Dilute nitricacid =... 2 
Sulphate of sodium =. =. . 6 
Nitrate of ammonium. =. 3} . 
Dilute nitrieacid =| 
Phosphate of sodium |) 3} 

Dilute nitricacid =. : 








If the substances taken be themselves first previously cooled d 

“still more considerable diminution of temperature is occasioned. 
Freezing mixtures are frequently used in chemistry, in ph 

domestic economy, ‘The portable ice-making machines which 

into use during the last few years consist of a cylindrical m 

divided into four concentric compartments, In the central 

the water to be frozen ; in the next there is the freezing m 

usually consists of sulphate of sodium and hydrochloric acid 

the former and 5 of the latter will make 5 to 6 pounds of sce im 

‘The third compartment also contains water, and the outside one 

‘some badly-conducting substance, such as cotton, to prevent 

of the external temperature. The best effect is obtained! 

large quantities (2 or 3 pounds) of the mixture are used, 

are intimately mixed.” It is also advantageous to use the m 

series of successive operations, 





VAPOURS. MEASUREMENT OF THEIR TENSION, 


322. -Waponra.—We have already seen (141) that apowrs at 
aériform fluids into which volatile substances, such as ether, 
Water, and mercury, are changed by the absorption of heat. 

tigwids are those which thus possess the property of Passing 
aériform state, and fixed liguéds, those which do not form: . 
temperature without undergoing chemical decomposition, such 
fatty oils. There are some solids, such as icc, arsenic, camphor 





ral term vaporisation; the term term evaporation epee 
fee Scion of wap we the feo warace, 

in the mass of the liquid itself. 

‘Lbreg gga pressure, 

Saaata tshaivascic temperature, This is nor 

takes place even with the same liquid at 


temperatures, although the formation of a vapour seems 
0 coitealeary tana for example, gives no vapour 


> 
Peres tits paw have a certain. 
eave ees: Drverera am the ase 


re of the column of mercury ed, 
— ad. ‘This gas is 
‘the water be cooled, or if 


re is an obstacle to the 
there is no resistance, 
is instantaneous, as is seen in the following 
‘er tubes, filled with mercury, are immersed 
(Gx 255). One of them, A, serves as a barometer, 


Sas! of the liquid, which is am infinively 
4 the displaced mercury, it must be due to 




















‘the formation of some vapour whose ‘dase farce tener 
mercurial column, 

‘The experiment also shows that the depression is not the same 
the tubes; it is greater in the case of alcohol than of water, and 
with ether than with alcohol. We consequently obtain the two! 
laws for the formation of vapours 

1. Sea vacuum all volatile Nguids are instantaneously comuerh 
vapour. 

IL. Ad the same semperature the vapours of different liquid 
different elastic forces, 





For example, at 20° the tensian 0 
vapour is 25 times as great ast 
aqueous vapour, 

526, Saturated vapours. 2tay 
ef tension.—When a very small q 
of a volatile liquid, such as ether, i} 
duced into a barometer tube, it Is} 
completely vaporised, and the me 
colitnn is not depressed to its full 
for if some more ether be introdu: 
depression increases. By continuj 
addition of ether, it finally ceases) 
porise, and remains in tho liqui 
‘There is, therefore, for a certain 
rature, a limit to the quantity of 
which can be formed im a given| 
This space is accordingly said] 
saturated. Further, when the 
tion of the cther ceases, the see 
the mercurial column stops, 
there is a limit to the tension 
vapour, a limit which, as we 
vently soe (529), varies with the 
ture, but which for a given tem] 
is independent of the pressure. 
Sees To show that, ina closed 

ated with vapour and conta 
tn excess, the temperature remaining constant, there is 
of tension which the vapour cannot exceed, a barometric tabe 
which dips in a deep bath (fig. 256). ‘This tube is filled with 
then so much ether is added as to be in excess after the Te 
vacuum is saturated, The height of the mereurial column is 
by means of the scale graduated on the tube itself. Now, 
tube be depressed, which tends to compress the vapour, or 
raised, which tends to expand it, the height of the mercurial 
constant, The tension of the vapour remains constant in the 
for the depression neither increases nor diminishes it, 
concluded that when the saturated vapour is compressed, a 
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» the liquid state; that when, on the other hand, the pressure is 
hed, a portion of the excess of liquid vaporises, and the space 
d by the vapour is again saturated but in both cases the tension 
density of the vapour remain constant. 

won-saturated vapours.—From what haa been said, vapours 
two very different states, according as they are saturated or not. 
irst case, where they are saturated and in contact with the liquid, 
Yer completely from gases, since for a given temperature they can 
be compressed nor expanded ; their elastic force and their den- 
iain constant. 

¢ second case, on the contrary, where they are not saturated, they 
resemble gases, For if the experiments (fig. 256) be repeated, 





Fig. 236. Fig. 257. 


a small quantity of ether being introduced, so that the vapour is 
aturated, and if the tube be then slightly raised, the level of the 
ary is seen to rise, which shows that the elastic force of the vapour 
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as in both cases the volume of the vapour is bate it! 
‘it is concluded that mon-saturaded vapours obey J 

‘When a non-saturated vapour is heated, \ts volume increases 
ofa pe land the number 0°00365, which is the coefficient of th 

may be taken for that of vapours. 

Spetenresse ete chee the popslal yal See ae 
comparable with those of permanent gases, and that the formula: 

i of gases (166 and 308) also ay 
wnsaturated vapours, But it must not be forgotten that aaa is 
a limit of pressure or of cooling at which unsaturated vapours a 
state of saturation, and that they have then a saaximum. maa oe i 
density which can only be exceeded when the temperature rises wi 
they are in contact with the liquid. 

328. Tension of aqueous yapours below sere.—For the 
measuring the elastic force of aqueous vapour below rero, Gay-! 
used two barcmeter tubes filled with mercury, and placed in the 
path (fig. 257). The straight tube A serves as a barometer; the 
4, is bent, so that part of the Torricellian vacuum can be surrounded 
a freezing mixture (321). When a little water is admitted into the 
twhe, the level of the mercury sinks below that in the tube A to an exies 
| which varies with the temperature of the freezing mixture, 









At 2 - + 4oq/millimeters, 
WTI on 7... 2 On 
e op = 2 = Roe ” 
” a mow 6 8 4 086 ” 


‘These depressions, which raust be due to the tension of a 
in the space BC, show that even at very low temperatures t 
some aqueous vapour in the atmosphere, 
Although in the above experiment the part B and the] 
both immersed in the freezing mixture, we shall pres 
‘vessels are at different temperatures, 
the vapour is the same in both, and always corresponds te 
lowest temperature. 
‘That water evaporates even below zero follows from: 
linen exposed to the air during frost first becomes stiff 
showing that the particles of water evaporate even after the 
been converted into ice, 
| 329, Tension of aqueous vapour between zero and one 
greea.—i. Dalton's methed. Dalton measured the elastic 
aqueous vapour between o° and 100° by means of the appar 
sented in fig, 258, Two barometer tubes, A and B, are filled 
cory, and inverted in aniron bath full of mercury, and placed: 
‘The tube A contains a small quantity of water, ‘The tubes are 
in a cylindrical vessel full of water, the temperature of which iy 


= 








of Vapours, © 


‘The bath being gradually heated, the water in the 

too; the water which is in the tube A vaporises, 
2 aleeeeatid vapour increases, the mercury — 

on mercury corresponding to cach degyee of 

are indicated on the scale E, and in this manner a table 

tic forces between zero and 100° has been constructed. 

ratult’s metio — alton’s method is wanting in precision, for 

d in the cylinder has not everywhere the same temperature, atid 


Fig. 29. 


ism modification of thatof Dalton. ‘The cylindrical 

by large cylindrical zinc drum, MN (fig. 259), in the 

r aretwotubulures. The tubes A and 8 pass through these 

‘and are fixed by cnoutchouc collars. The tube containing 

i connected with a flask, a, by means of a brass threeway 
Re 








A copper tube, 4, connected the upper part of the © 

eal tube, c, fitted in the boiler, ‘The tuber and the 
were filled with water, which was kept cool by 

Feold water flowing from a reservoir and circulating 


from the tube ¢ exercised a prese 

‘tube i; this pressure was transmitted to the 
‘in the bath a, and the mercury rose in the 
the manometer the pressures corresponding 
ier, Dulong and Arago were able to 

ities oma fierts ip afeiner hasane and 
to 50 atmospheres was determined by ealcu- 


; temperature, 
‘A copper retort, C (fig. 261), hermetically 
full of water. In the cover there are four 
: just dip into the water, and two descend 
J paler ne tube, AB, the retort C is connected 
eee ens capacity, and full of air. The 
metallic cylinder, 1, through which a current 
flowing from the reservoir E: ‘To the upper 
vith two branches is attached, one of whic ia 
meter, O ; the other tube, HH’, which is of lead, 
+10 an exhausting or a condensing air pump, accord. 
abe is to be rarctied or condensed, The reservoir 
contains water of the temperature of the sur- 


ce of aqueous vapour below 100° is to be measured, 
is cormected with the plate of the air pumy 
“M, and consequently that in the retort 
gently Bests the water begins to boil at a 
of the diminished pressure, And 
ed in the tube AB, which is always cool, the 
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determined the elastic force at various temperatures of a certain 
of liquids which are given in the following table :— 
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Tensions in > 
millimeters | i 





Risulphide ° acid 


|, Sulphurous { 
of carbon 60 





Ammonia { 

















333: Tension of the vapours of mixed Nqutds,—Regnaul’s 
ments on the tension of the vapour of mixed liquids prove that (i) 
two liquids exert no solvent action on cach other—such as water 
bisulphide of carbon, ox water and henzolr—the tension of the ¥3 
which rises from them is nearly equal to the sum of the tensions of 
two separate liquids at the same temperature; (ii.) with water and ¢ 
which partially dissolve each other, the tension of the mixture is 
less than the sum of the tensions of the separate liquids, being s 
equal to that of the ether alone: (iii.) when two liquids dissolve in 
proportions, as cther and bisulphide of carbon, or water afd alcohel, 
tension of the vapour of the mixcd liquid is intermediate between 
tensions of the separate liquids. 

Wiillner has shown that the tension of aqueous vapour emitted from 

ine solution, as compared with that of pure water, is diminished by al 
ammount proportional to the quantity of anhydrous salt dissolved, whe! 
the salt erystallises without water or yields efflorescent crystals ; when 
salt is deliquescent, or has a powerful attraction for water, the redu 
of tension is proportional to the quantity of crystallised salt, 
334 Te in two communicating ve: t different tempen| 
tures. When ovo vessels containing che same liquid, but at differeat’ 
temperatures, are connected with each other, the elastic force is not tht 
corresponding to the mean of the two temperatures, as would naturaly 
le supposed. | Thus, if there are two globes, fig. 257, one, A, containing 
water kept at zero by means of melting ice, the other, 18, containing 
water at 100°, the tension, as long as the globes are not connected, is 412 
( millimeters in the first, and 760 millimeters in the second. But whet 
cy are connected by opening the stopcock C, the vapour in the globe 

its greater tension, passes into the other globe, and is there con 

dlensed, so that the vapour in B can never reach a higher temperature 














than that in the globe A. The liquid simply distils from B towards A 
wuthout any increase of tension. 


temperature, An ication of thir ihe 
by Wat inthe conden af esteamcagine 


Fig to, 
‘Causes which ucvelerate 1—Lvuporution, as 
ray. sted 33, (333), is the slow production of vapour at the 
in consequence of this evaporation that wet 


r peed to the air, 
vessels containing water 


Tiguid, and that it we: 
itt air Completely freed from this vapours It 
r between these ti) ‘extrenies the rapidity of evapo- 





saturated, and evaporation ceases, 
‘The influence of the fourth cause is self-evident. 
336. Xaws of enuitition.—Fullition, or boiling, is the rapid pr 
tion of clastic bubbles of vapour in the mass of a itself. 
When a liquid, water for example, is heated at the lower 


vessel, the first bubbles are due to the disengazement of air 
previously been absorbed, Small bubbles of vapour then 
rise from the heated parts of the si 


these first bubbles, occasion the séying noticed in liquids 
begin to boil, Lastly, large bubbles rise and burst en the 
this constitutes the phenomenon of ebullition (fig. 263). 

‘The laws of ebullition have been determi n 
as follows :— 


1. The temperature of ebutlition, or the boiling point, increases 


ire chiillition conenencer 
which ie tn Sonor liquids, but whéek, for egual pressures | 
the same tn the same tigutd. 


IIL Whatever be the intensity of the sonrce of heat, ae soon 
tion commences, the temperature of the liguid remains stationary. 


Boiling points under the pressure 760 millimeters. 
Swiphurous acid... — 10” Turpentine. 







Chloride of ethyle ++i Butyricacid. 2s 
Ether. ‘37 Phosphorus... 
DBisulphide ofcarbon . . 48) Strongeulphurie ache 
| Bromine. + oO - 
Aleohol 5. - 78 Sulphur 2 3 
Distilled water ’ 1oo Cadmium... 
Accticacid. 6» (6 117, Hine se 5 


‘There are many causes which influence the boiling point of 
such as the substances dissolved, the nature of the vessel, and 
sure. We shall illustrate the effects of these different causes, 


oa of nA C. in the boiling point. 
37. Imfluence of substences in solution on the 
‘The chullldan of a iguid 1a the more retarded tha prema 


= 


maa substance — 
the Liquid itself. 
Purell the ow a cet . 


boils at 109? 
mG 
135 

ie) 


analogous results; but substances merely 
such as earthy matters, brn, wanden shavings, 


Sp edaela influence on the boiling point of 
first observed that water freed from air by cbullition, 
flask with along neck, could be raised to 112° without 
ound that water deprived of air and sealed up in a 
seated at one end as high as 138° without boil- 

aly and violently thrown to the other by a burst of 


quid Is suspended in another of the same specific gravity, 


point, with which it does not mix, it may be raised far 
"point without the formation of a trace of vapours 


globeles of water, and then gradually heated the oil ; in this 


wet in below 110” or 115°, very commonly globules: 

rea heabanet dt ‘a temperature of 120° or 130", while 
P obules of 1 to 3 millimeters reached the temperature of 175%, 
it which the tension of vapour on a free surface is 8 or 9 


Or erin contact of a solid body, or the produc 
‘bubbles fn the liquid, occasioned a sudden vaporisation of the 

ed ty sound like the hissing of a hot iron in water. 
: ons of sulphate of copper, chirride of sodium, 
‘temperature far beyond their boiling point, when 
Sarpy sein acid. In like manner, globules of chloroform 
pended in a solution of chloride of zinc could be 

98" without boiling. 

“question as to what is the temperature of the vapour 
valine solutions, It has been stated by Rudberg 
boiling under the same pressure; the most recent 
seem to show, however, that this is not the ease, 





lower than that of either of its constituents. A mixture of 
bisulphide boils ar 43%, the boiling point of the latter 46". 
depends the following curious experiment. If water and bis) 
carbon, both at the temperature 45°, are mixed together, the 


338 
ae Laake obekrved hat water in a glass vessel required 
teniperature for ebullition than in a metal one, Takiog * ‘the ten 
of boiling water in a copper vesacl at 100%, its boiling point | 
‘vessel was found to be 101°; and if the glass vessel had been p 
cleaned by means of sulphuric acid and of potass, the temperati 
rise to 105°, or oven to 106°, before chullition qommenced. 
metal placed in the bottom of the vessel was always 
the temperature to too”, and at the same time to prevent the vid 
cussions which accompany the ebullition of saline or acid so) 
glass vessels, Whatever be the boiling point of waite tempi 
‘its vapour is uninflucnced by the substance of the vessels. 
339. Influence of pressure on the potting point.— We sce 
table of tensions (331) that at 100°, the temperatare at which i 
under a pressure of 760 ri 
aqueous vapour has a te 
actly equal to this pressul 
principle is general, and 
thus enunciated; 4 fig 
when the tenston of ite 4 
equal to the pressure it) 
Consequently, as the prt 
‘creases or diminishes, th 
of the vapour, and ther 
temperature necessary fi 
tion, must increase or dint 
In order to show that 
ing point is lower underd 
pressure, a small dish € 
water at 30” is placed 4 
receiver of an alr pump, 
then exhausted. The lit 
begins to boil, the rapoi 
being pumped out as a] 
is generated. 
‘A paradosien) but 
experiment also welll 
dependence of the boiling point on the pressure. Ina glass fl 


=| 





the water, by which a partial vacuusn is 


this diminotion of pressure that liquids boil on 
temperatures, On Mont Blanc, for example, 
= oe der feeble is 

| evaporation of water un pressures 
those solutions which 


tly “goes on at a lower 
syrup oe Ipiory. athe acne oes 
the juice of certain plants used in preparing: 


d, ebullition is retarded by increasing the pressure; 
‘two atmospheres, for example, water only boils at 


The influence of pressure on ebullition 
d bymeans of an experiment of Franklin's ‘The 
Pits ands tte, join by a tube of amallee 


Fig. 265, 


rratures is very small. Consequently, if the 

¢ hand, the heat is sufficient to produce a tension 
Into the tube 4, and causes a brisk ebultition. 

‘Delghts by the boiling point—From the con 

boiling point of water and the pressure, the heights 

‘be mensured by the thermometer Instead of by the 

oss, for cxample, it is found that water boils on the 

in at go, and at its base ar at these tempera~ 


‘Or tension of the vapour is equal to that of the 
that is to the pressure of the atmosphere at the 
Now the tensions of aqueous vapour for various 
ned, and accordingly the tensions corre- 











E iy be calculated method already given 
pear p dues sete tock crodices o cbeletaen rp 


rime. 
rag liptcarsncs wrt ter tls per poset CREED 


‘so that each degree occupying « considerable space on the 
roths, and even the tooths, of a degree may be estimated, and th 
possible to determine the height of « place by means of the ba 
to within about to fect. 

342. Rormation of vapour in a closed tmpe.—We have 
considered vapours as being produced in an indefinite space, 
they could expand freely, and it is only under this con 
ebullition can take place. In a closed vessel the vapours prs 
oad no issue, their tension and their density increase 4 

ure, but the rapid disengagement of vapour which © 
bul ion is impossible. Hence, while the temperature of a lige 
open vessel can never exceed that of cbullition, in a closed ve 
be much higher. The liquid state has,neverthcless,a limit ¢ 
ing to experiments by Cagniard-Latour, if either water, alc 
be placed in strong glass tubes, which are hermetically 
air has been expelled by boiling, when these tubes are’ 
sufficient degree of heat, a moment is reached at whieh 
suddenly disappears, and is converted into vapour at 200% 
space less than double its volume in the liquid state, and that t 
was then 38 atmospheres. 

Alcohol which half fills a tube is converted into vapour 
If a glass tube about half filled with water, In which some: 
soda has been dissolved, to diminish the action of the water 
be heated, it is completely vaporised at about the temperature 0 
zinc. 

When chloride of ethyle was heated in a very thick sealed tobe 
upper surface ceased to be distinct at 170°, and was replaced by. 
defined nebulous zone. As the temperature rose this zone i 
width in both directions, becoming at the same time more 
after a time the liquid was completely vaporised, and the o 
‘transpareat and seemingly empty. On cooling, the pheno 
reproduced in the opposite order. Similar appearances were 6 
heating ether in a sealed tube at 

Andrews has observed that when liquid carbonic acid was 
4 closed tube to 31° C. the surface of demarcation between th 
the gas became fainter, lost its curvature, and gradwall 
The space was then occupied by a homogeneous fluid, 
pressure was suddenly diminished, or the temperature 





as ple 
sudden diminution of volume, and liquid and 
line of demarcation; above this critical 
with a gradual diminution of volume, and 


“pe aapdalloa plated sl diret ty) 

ve ri mere pressure, however great, should fail to 
ney rnany of 0 ea hich Sonny cxor os pase, 

3 iaesven— Papin, 2 a Preach physician, appears to fase, 

effects of the productions of vapour in closed 

Jett which bears his name consists Pe epindsieal 

with ith mcaves, which is firmly fastened down, 


according to the weight on the lever. 
elem boils at much lower temperatures on high 
‘the temperature of water boiling in open vessels in 
‘Safficient to soften animal fibre completely and 
‘and hence Papin’s digester ix used in the pre- 





fis used. in extracting gehtine. When bones are 
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‘344; atent heat of vapour.—As the temperature o 
constant during ebullition, whatever be the source of hy 
that a considerable quantity of heat becomes absorbed in 
only effect of which is to transform the body from the tiquid to the 
condition. And conversely when a saturated vapour passes into 
‘of liquid, it gives out an amount of heat. 

‘These phenomena were first observed by Black, and he de 

saying that during vaporisation a quantity of sensible heat 

Jatent, and that the latent heat again became free during cont 
‘The quantity of heat which a liquid must absorb in passing 
liquid to the gascous state, and which it gives out in passing from 
‘state of vapour to that of liquid, is spoken of as the dintemt a 


evaporation. 

‘The analogy of these phenomena to those of fusion will be at eo 
seen ; the modes of determining them will be described in the chap 
Calorimetry; but the following results, which have been obtained 
latent heats of evaporation of a few liquids, may be here given == 









Water. «+ ss $36 Bisulphide of carbon. 
Alcohol . . 5 , 208 Turpentine » . 6 
Accticacid | 5 ss 102 Bromines 5 5g 
Be. = $s» 690 dodine: | celta 





‘The meaning of these numbers is, in the case of water, for i 
that it requires as much heat to convert a pound of water from the 
‘of liquid at the bailing point to that of vapour at the same tempers 
a6 would raise a pound of water through 540 degrees, or 540" 
water through one degree; or that the conversion of one pound of 
of alcohol at 78° into liquid alcohol of the same temperature would: 
208 pounds of water through one degree. . 

‘Watt, who investigated the subject, found that fhe swhofe 
heat necessary lo raise a given weight of water from sere ag 
ture, and there to evaporate it entirely, is a constant quantity, 
ments showed that this quantity is 640. Hence the lower 
ture the greater the latent heat, and, on the other hand, 
temperature the less the latent heat. The latent heat of 
water cyaporated at 190" would be §40, while at 50° it would be $95 | 
higher temperatures the latent heat of aqueous vapour would go on di 
ishing. Water evaporated under a pressure of 15 atmospheres 
perature of 200°, would have a latent heat of 440, and if it 
evaporated at 640° it would have no latent heat at all. 

Experiments by Southern and Creighton in 1803 led to = di 
clusion : namely, that tie latent heat of evaporation tea 
Sor all temperatures, and that the total quantity of heat 
‘evaporate water ts the sensible heat plus this constant, which 
im round numbers to be 540; consequently, to evaporate wat 
thermal units (413) would be needed, while it would require 20 
740 thermal units to evaporate it at 200°, 


Qu6065 +0905 T, 
of heat, and T the of the 
h eal quansiy 0 fa erste ihe 
eee evaporate water at 100? is 6065 + 
‘at 120° it is G43 ; at 150° it is 651; and at 180° it is 


to raise a pound of water from zero and convert 


a mechanical work of 855430 units, 


‘ ements by means of rapid evaporation, 
ef he air pump is placed a vessel containing strong 


ita thin metallic capsule (fig. 267) canada 


Fig, 208, 


By exhausting the receiver the water begins to 
are absorbed by the sulphuric acid as 


, a tapid evaporation is produced, which quickly 
water, 


‘performed by using, instead of the thin metallic 
coated with lampblack aid resting on a cork. ‘The 
twofold: firstly, the lampblack is a very bad 
it is not moistened by the liquid, which remains 
not In contact with the glass. A small porous 

ly be used. 

d by means of Wollaston’s cryophorus (Ag. 

Dent glass tube provided witha bulb at each (Sy 
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‘The apparatus is prepared by introducing a small quantity of water, 
is then boiled so as to expel all air. It is then hermetically sealed. 
on cooling it contains only water and the vapour of water. 

The water being introduced into the bulb A, the other is 
a freezing mixture. The vapours in the tube are thus condensed; 
water in A rapidly yields more. But this rapid production of vapour: 
quires a large amount of heat, which is abstracted from the water in 
and its temperature is so much reduced that it freezes. 

Carré has constructed an apparatus which is based upon Leslie's 
periment, and by which considerable quantities of water may be 
ina very short time. It consists of a horizontal brass cylinder, 
fifteen inches in length and four in diameter, lined on the inside with 
alloy of antimony and lead, so as to resist the action of strong 
acid, with which it is about half filled. In the top of the cylinder, 
at one end, is fitted a brass tube, bent twice at right angles, and. 
structed in such a manner that a flask containing water can be 
fitted on air-tight. At the other end of the cylinder, also at the top, 
is a somewhat wide upright tube B, This is connected with a simple 
pump, specially devised for the purpose, and there is an arrangement 
that the motion which works the pump works also a stirrer, which kept 
the acid in continual agitation, A fresh surface is thus continually ab 
sorbing aqueous yapour; and as the space to be exhausted is small, and 
the pump very effective, soon after its working commences the water frst 
boils and then freezes. ‘These apparatus have been introduced for indus 
trial purposes ; and where there is a continual demand and use for dilute 

phuric acid, there seems no reason why this should not be an econo 
mical mode of making ice. 

By using liquids more volatile than water, more particularly liquid so 
phurous acid, which boils at — 10°, a degree of cold is obtained sufficiently 
intense to freeze mercury. The experiment may be made by covering 
the bulb of a thermometer with cotton wool, and after having moistenet 
it with liquid sulphurous acid, placing it under the receiver of the ai 
pump. When a vacuum is produced the mercury is quickly frozen. 

Thilorier, by directing a jet of liquid carbonic acid on the bulb of at 
alcohol thermometer, obtained a cold of — 100° without freezing the alco 
hol. We have already seen, however (317), that with a mixture of soli 
carbonic acid, liquid protoxide of nitrogen and ether, M. Despret 
obtained a sufficient degree of cold to reduce alcohol to the viscor 
state. 

By means of the evaporation of bisulphide of carbon the formation @ 
ice may be illustrated without the aid of an air pump. A little water 
dropped on a small piece of wood, and a capsule of thin copper foil, coa 
taining bisulphide of carbon, is placed on the water. The evaporation o 
the bisulphide is accelerated by means of a pair of bellows, and after: 
few minutes the water freezes round the capsule, so that the latter adhere 
to the wood. 

In like manner, if some water be placed ina test tube which is the 
dipped in a glass containing some ether, and a current of air be blow 





the vesselsare placed in a current of air, For 
by wrapping the bottles in wet cloths and 


by draught does not necessarily 

cooler, for it may, as shown by the thermo~ 

n but arises from the rapid evaporation it 

‘the skin, We have the feeling of oppression, 

es, when we are in an atmosphere saturated 
‘evaporation takes place. 

for freezing water—We have already seen 


quid is converted into vapour it absorbs a considerable 
heat; this furnishes a source of cold which is the 
‘more volatile the liquid and the greater its heat of 


has been utilised by M- Carré, in freezing 
ammonia. The apparatus consists of a cylin- 
69, 270) and of a slightly conical vessel A, which is 
two vessels are connected by xt tube m7, and a brace 
staid made of strong galvanised iron plate, and 
[seven atmospheres. 

|holds about two gallons, is three parts filied with a 
ji. Ina tubulure in the upper part of the boiter 
din this a thermometer ¢ indicating temperatures: 
“The freezer A consists of two concentric envelopes, 
‘its centre being hollow, a metal vessel G, con= 
be frozen, can be placed in this space. Hence only 
b en the sides of the freerer is in communication 
‘of the tube m7. In the upper part of the freezer 
which can be closed by a metal stopper, and by 

onia is introduced. 
comprehends two distinct operations. In the 
ina furnace F, and the freezer in a bath of cold 
boiler being heated to 130° the ammoniacal 
of the boiler is disengaged, and, in virtwe of 
in the freezer, along with about a tenth of 








its weight of water. This distillation of C towards A lasts about an. 
ind a quarter, and when it is finished the second operation! 
this consists in placing the boiler in the cold-water bath (fig. 270), and 


Fig. ay, Te om 


reerer outside, care being taken to surround it with very dey 
The vessel G, about three-quarters full of water, it placed in the 
As the boiler cools, the ammoniacal as with which it is filled i 
dissolved ; the pressure thus being diminished the ammonia which 
heen liquefied in it is converted into'the gaseous form, and now 
from A towards C, to redissolve in the water which has remained if 
boiler. During this distillation the ammonia Which is rarefied abserhe 
great quantity of heat, which is withdrawn from the vessel G and 
water it contains, Hence it is that this water. freezes, Tn order i 
better contact between the sides of the vessel G and the freezer, 
is poured between them. In about an hour and a quarter a 
compact cylindrical block of ice can be taken from the vessel G. 

This apparatus gives about four pounds of ice in an hour, ata 
about a farthing per pound : large continuously working apparatus 
however, been constructed, which produce as much as $00 pounds 0) 
in an hour. 



















LIQUEFACTION OF VAPOURS AND GASES 





347. Liquetaetion of vapours.—The /iyuc/action or comdensatien! 
vapours is their passage from the aériform to the liquid state. 
sation may be due to three causes—cooling, compression, or 
affinity. For the first two causes the vapours must be saterated 
while the latter produces the liquefaction of the most rarefied 





ue absorb and condense the aqucous vapour in 

ever small its quantity. 
are condensed, their latent heat becomes free, that is, it 
‘This is readily seen when a current of steam 


1s passed into a vessel of water at the ordinary temperature. The 
becomes rapidly heated, and soon reaches 100% ‘The quantity of 
n up in liquefaction is equal to the quantity absorbed in pro- 


the vapour, 

Seatte-—Distilfation is an operation by which a 
Tiquid may be separated from substances which it holds in 
Hetion, or by which two liquids of different volatilities may be separated. 
eae depen depends of the transformation of liquids into vapours by 

< ‘of heat, and on the condensation of these vapours by cooling. 
“The apparatus used in distillation is, called a s4!, Its form may vary 
tly, but consists essentially of three parts ; 1st, the tory, A (fig, 271), 
‘Vessel containing the liquid, the lower part of which fits in the 
cor the fiad, 8 B, which fits on the body, and from which a 
tube, ©, leads to, 3rd, sverm, S, a long spiral tin or copper tube, 
‘a cistern kept constantly full of cold water, ‘The object of the 
to\condense the vapour, by exposing a greater extent of cold 


‘Te free ordinary well water from the many impurities which it contains, 
Placed in a still and heated. Thevapours disengaxed arc condensed 
-worm, and the distilled water arising from the condensation is ¢ol- 
the receiver, D. The vapours in condensing rapidly heat the 

the cistern, which must, therefore, be constantly renewed. For 





“rises mt 
by atube in the top of the cistern. “Le 
349. Ztebig’s condenser —In distilling sm 
or in taking the boiling point of a liquid, so as not to'lose 


apparatus known as Léebig’s condenser is extremely 
a glass tube, ¢4, fig, 272, about thirty inches long, fitted in a 


tube by means of perforated corks. A constant supply of cold ws 
the vessel a passes into the space between the two tubes, being 
to the lower part of the condenser by a funnel and tube / and 
from the upper part of the tube g. The liquid to be distilled 

in a retort, the neck of which is placed in the tube ; the condensed fig 
drops quite cold into a vessel placed to receive it at the other 

of the condensing tube. 3 

350, Apparatus for determining the alcoholic value of 
One of the forms of this apparatus consists of a glass flask 
tripod, and heated by a spirit lamp (fg. 273). By means of a @ 
‘chouc tube this is connected with a serpentine placed in a copper 
filled with cold water, and below which is a test-glass for o i 
distillate, On this are three divisions, one a, which measures the 
tity of wine taken; the two others indicating one-half and one-th 
this volume. 

‘The test-glass is filled with the wine up to a, this is then poured 
the flask, which, having been connected with the serpentine, the di 
tion is commenced. The liquid which distils over is a mixture of ale 
and water ; for ordinary wines, such as clarets and hocks, about one+ 
«is distilled over, and for wines richer in spirit, such as aherries and § 
‘one-half must be distilled; experiment has shown that under thest 


ne ge 





gases and collecting them over mer- 
,it occasionally happens that these liquids rush back into 
‘yessel, and destroy the operation. This arises from an 
iGric pressure over the tension in the vessel. If a yas, 
example, 


be generated in the flask m (fig. 274), and 
the vessel A, as long as : 


which prevent absorption by allowing air to enter in 
tension decreases. 


J The simplest is a tube Co, 
the cork which closes the flask M, in which the 








eerie 
ind thus formed is plac 

while the shorter leg is immersed in ra 
tity of liquid ‘ammonincal gus speedily collects in 


fF nd solidity gaces.—Thilérier first con- 

“h considerable quantities of carbonic acid 

ss principle is the same as that used by Faraday in 
s; the gas is generated in an iron cylinder, and 
ao ‘into another similar cylinder where it con- 

tus is not free from danger; many acei- 

ligand it has been superseded by an 

of Vienna, which [s both convenient 


stus, a8 modified by M. Bianchi, is repre- 
ction on a larger scale in fig, 27% It consisis of 
A, of something less than a quart capacity, which 
than 600 atmospheres. A small force pump 
this reservoir. ‘The piston rod is moved 
is worked by the handle M. As the com- 
friction of the piston produce a considerable 
reservolr A is surrounded by a copper vessel, 
is placed. ‘he water arising from the 
tube, m, into a cylindrical copper case C, 
pump, from whence it escapes through the 
° 
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tube w,and the stopcock «. The whole arrangement resis or 
frame, A 


‘The gas to be liquefied is previously collected in 
whence it passes into a bottle, V, containing seme 
stance ; it then passes into che condensing pump through ie 
india-rubber tube H. After the apparatus has been worked for some! 
the reservoir A can be unscrewed from the pump without any 

the liquid, for it is closed below by a valve S 6 278). Tages te: 


Fig. ons 


some of the liquid gas the reservoir is inverted and on tuenliag the 
cook r, the liquid escapes by a small tubulure x. 

When carbonic 
the air, a portion only of the liquid volatilises, in consequence of! 
absorbed by this evaporation ; the rest |s so much cooled as to 
white flakes like snow or anhydrous phosphoric acid. 

Solid carbonic acid evaporates very slowly. By means of an 


preserves 
is thrown on Tiquld ne 

inues to burn with a brilliant light, 
b the eveporntion of ether has been used by MM. 


By passing a current of air 


greater degree of cold, —50°C., is obtained. 
gas may be liquefied. By rapidly 
under the fir pump, in the presence of 
of —87° is attained, which is found suffi- 
‘ordinary pressure of the atmo- 


ev and of solid carbonic acid, and by using very 
succeeded in reducing air to fy of its bulk, 


less from Boyle's law than oxygen and 


OF GASES AND VAPOURS. 


) of gases and vapours.—F very mixture of 
1¢ following two laws :— 
ently, the quantity of vapour which satw 
for the same temperature, whether tas 
a eee 
agar and a vapour is equal to the 








On Heat. 

‘These are known as Dalton's laws, from their discoverer, 
monstrated by the following apparatus, which was invented 
Laussac It consists of a glass tube A (fig. 280), to which two sto 
band d, are cemented, The lower stopeock is provided with a 
which connects the tube A with a tebe H of smaller diameter. 
‘between the two tubes serves to measure the heights of the 
columns in these tubes. 

The tube A is filled with mercury, and the stopcoeks 4 antl 
closed. A glass globe, M, filled with dry air or any other gas ix s¢ 
‘on by means of a stopcock in the place of the funnel C, All thret 
cocks are then opened, and a little mercury is allowed to escape, 
is replaced by the dry air of the globe. The stopcocks mre then ¢ 
and as the air in the tube expands on leaving the globe the pressur 
ig less than that of the atmosphere. Mercury ts accordingly pours 
the tube B until it is at the same level in both tubes. The globe 
removed, und replaced by x funnel C, provided with a stopcock 
peculiar construction. It is not perforated, but has a small 

presented in #, on the left of the | 
‘Some of the liquid to be vaporised Is} 
into C, and the height of the merci 
having been noted, the stopcock # is @ 
and @ turned, so that its cavity become 
with liquid; being again turned, the 
enters the space A and vaporises, 
liquid i¢ allowed to fall drop by. 
the in the tube is saturated, 

case when the level 4 of the mereury, 
to sink (326). 

“As the tension of the vapour prod 
the space A is added to that of t 
already present, the total volame of 
increased, It may casily be restored 
original volume by pouring mercury) 
‘When the mercury in the large tube ht 
raised to the level 4, there is a diff 
Bo, in the level of the mercury ia 0 
tubes, which obviously represents the} 
of the vapour ; for as the air has rest 
original volume, its tension has net ch 
Now if a few drops of the same liq 
passed into the vacuum of a baromets 
a depression exactly equal to Be is pro 
which proves that, for the same 
the tension of a saturated vapour i8# 
in a gas as in a vacuum; from wb 
concluded that at the same temperst 
quantity of vapour is also the same — 

‘The second law is likewise proved by this experiment, for Wi) 
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has regained its level, the mixture supports the atmospheric 
on the top of the column B, in addition to the weight of the 
‘of mercury Bo. But of these two pressures, one represents the 
of the dry air, and the other the tension of the vapour. The 
law is, moreover, a necessary consequence of the first. 
its can only be made with this apparatus at ordinary tem- 
: bat M. Regnault, by means of an apparatus which can be 
at different temperatures, has investigated the tensions of the 
of water, ether, bisulphide of carbon, and benzole, both in vacuo 
im air. He has found that the tension in air is less than it is i 
but the differences are so small as not to invalidate Dalton’s law. 
Regnault is even inclined to consider this law as theoretically truc, 
ing the differences which he observed to the hygroscopic pro- 
of the sides of the tube. 
Preblems on mixtures of gases and vapours—I. A volume of 
‘air V, at the pressure H, being given, what will be its volume V", 
it is saturated with vapour, the temperature and the pressure re- 
ing the same? 
F be the elastic force of the vapour which saturates the air, the 
, in the mixture, only supports a pressure equal to H—F (354). But 
‘Boyle and Mariotte’s law the volumes V and V’ are inversely as their 
consequently 





Il, Let V be a given volume of saturated air at the pressure H, and the 
ire f, what will be its volume V’, also saturated, at the pressure 
y, and the temperature /? 
it If fbe the maximum tension of aqueous vapour at °, and /” its maxi- 
tension at f°, the air alone in each of the mixtures V and V’ will be 
ively under the pressures H—/and H’—/’ ; consequently, assum- 
first that the temperature is constant, we obtain 
wou 
vay" 
ine: as the volumes V’ and V of air, at the temperatures ¢’ and 4, are in 
Be ratio of 1 + ut" to 1 + ad, a being the coefficient of the expansion of air, 
lhe equation becomes 





r 


t WoHE itt 

: VOWS eat” 

} IIL. What is the weight P of a volume of air V, saturated with aqueous 
rr at the temperature #, and pressure H? 

If we call F the maximum tension of the vapour at 7°, the tension of 
air alone will be H—F, and the problem reduces itself to finding : 
the weight of V cubic inches of dry air at ¢, and under the pressure 

~F ; and 2nd, the weight of V cubic inches of saturated vapour at /° 

the pressure F. 













To solve the first part of the problem, we know P 
. air at o* and the pressure 760 millimeters weighs 7 
at @, and the pressure H- Fit weighs 9D) 06), 
V cubic inches of dry air weigh 
Bry so eee 
AD (10d) 760 u 
‘To obtain the weight of the vapour, the weight of the: 
dry air at the same temperature and pressure must be sought, 
is to be multiplied by the relative density of the vapour. 
cubic inches of dry air at #% and the pressure F, weigh 2 
V cubic inches of aqueous vapour, whose density is § of thas of. 
weigh 


esteNE DS 
aes fs 
avd. as the weight Ps equal co the sum - the weights (1) am 
= 
ogre (H gtx VF) §)_ 
Feet ey e+ [es “bl eee 





SPHEROIDAL CONDITION, 


356, Leidenfrost’s phenomenon.—Boutigny’s 
Viquids are thrown upon incandescent metallic surfaces. they 
markable phenomena, which were first observed by Leidenfrost 
got ave hen stab ater shee asco AE 
‘been studied by other physicists, and more especially by 
whom our present knowledge of the subject is mainly phim 

‘When a tolerably thick silver or platinum dish is heated to 
and a little water, previously warmed, dropped into the dish neg 
a pipette, the liquid dees not spread itself out on the dish, and 
moisten it, as if would at the ordinary temperature, but assumes 
of a flattened globule, which fact M. Bourigny expresses by 
it has passed into the spheroidal state, \t rotates rapidity round: 
bottom of the dish, taking sometimes the form of a star, and mo 
it not boil, but its evaporation is only about one fiftieth as rapid 
boiled. As the dish cools, a point is reached at which it is 
enough to keep the water in the spheraidal state; it & 
moistened by the liquid, and a violent ebullition suddenly en 

All volatile liquids can assume the spheroidal condition; # 
temperature at which it can be produced varies with each 
more elevated the higher the boiling point of the liquid. Fer 
dish must have at least a temperature of 200° ; for 
ether, 61", 

‘The temperature of a liquid in the spheroidal state is 


aysume 
when upon it. This is also the case with 
‘platinum wire pressed into a slightly concave shape. Am 

due to Mr. A. H. Church, also illustrates the 






ate, and does not attack the metal so long as the plate 


on is observed when potassium is placed om 
Tiberated, and burns with a yellow fiame ; hydrate 
ch is formed at the same time, floats on the surface 
1 its high temperature. In a short time it 

slobule coming in contact with water bursts with an 


ry be made to roll upon liquids, and solid bodies 
becoming liquid also assume a condition analo~ 

dal state of liquids when they are placed on a surface 
ature is sufficiently high to vaporise them rapidly. This 
carbonate of ammonium is placed in a red-hot 


idal state seem to prove that the liquid 
‘gort of cushion of its own vapour, produced by the 





heat radiated from the hot surface against 41 
this vapour escapes from under the globule, “its” p 
fresh quantity formed in the same way, so that the globule is 
‘buoyed up by it, and docs not come in actual contaét ‘with the | 
surface, When, however, the temperature of the latter ‘fallsy th 
tion of vapour at the under-surface becomes Jess and less \rapi, | 
length it is not sufficient to prevent the globule touching the : 
liguid on which it rests: As soon as contact occurs Heatis 
imparted to the globule, it enters into ebullition, and quickly bd 
* "These experiments on the spheroidal state explain the fact 
hand may be dipped into melted lead, or even melted iron, 
jury. It is necessary that the liquid metal be heated greatly 
solidifying point. Usually the natural moisture of the hand-is 
but it is better to wipe it with a damp cloth. In consequence if} 
great heat the hand becomes covered with a layer of spheroidal 
which prevents the contact of the metal with the hand. Radiat I 
alone operates, and this is principally expended in forming 
vapour on the surface of the hand. If the hand is immersed in 
water, the water adheres to the flesh, and consequently a scald is p 
duced. . 
‘The tales of ordeals by fire during the middle ages, of men who & 
run barefooted over red-hot iron without being injured, are po 
true in some cases, and would find a ready explanation in the p 


DENSITY OF VAPOURS. 


357. G@ay-Kussnc’s metnoa.—The density of a vapour is the relation 
between the weight of a given volume of this vapour and of that of the 
same volume of air at the same temperature and pressure, 

Two methods principally are used in determining the density 
vapours : Gay-Lussac’s, which serves for liquids that boil at about 1 
and Dumas’, which can be used up to 350°. 

Figure 281 represents the apparatus used by Gay-Lussac. It consists 
of an iron vessel containing mercury, in which there is a glass cyli 
M. This is filled with water or oil, and the temperature is indicated 
the thermometer, T. In the interior of the cylinder is a graduated 
jar, C, which, at first, is filled with mercury. 

The liquid whose vapour density is to be determined is placed in a 
small bulb, A, represented on the left of the figure. The bulb is thes, 
sealed and weighed; the weight of the liquid taken is obviously 
weight of the bufb when filled, minus its weight while empty. 
bulb is then introduced into the jar C, and the liquid in M 
heated somewhat higher than the boiling point of the liquid in the 
In consequence of the expansion of this liquid the bulb breaks, and 
liquid becoming converted into vapour the mercury is depressed, 
represented in the figure. The bulb must be so small that all the 
in it is vaporised. The volume of the vapour is given by the 





rature is indicated by the thermometer T, and the 
the diference between the height of the boro 
of the observation, 


i oS. then to calou- 


‘a Volume of alr equal to 


of the air, gives the required. 


om 
ip cubic 


d to find the weight #’ of a 


H-A. At zero, under the 

millimeters, a cubic inch of air 

grain; consequently, under the 

@ cubic Inches will weigh 

m And therefore the weight of 

tehes of air, at # and the pressure 
acters, is 

| oie 

| tet 









rain [306, prob. ii]. 


of a yolume of air is proportional to the pressure, the 
may be reduced to the pressure H—4 by multiplying by 


ich gives 
| ; 9317 (H—A) 
(read) 70 


# of the volume of air v, at the pressure H—-A, at f 
, for the devired density we have 


at Ptr) 760 
uy po aro tt Ay 


m ‘The method just described cannot be applied 
“bolting point exceeds 150° or 160". In onder to raise 
to this temperature it would be necessary to heat 
‘a degree that the mercurial vapours would be 
» And, moreover, the tension of the mercurial 
: Jar would increase the cension of the vapour of 
$0 far vitiate the result. 

E method, devised by M. Dumas, can be used up to the 
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temperature at which glass begins to soften; a cer 
globe is used with the neck drawn out to a fine point (fig. 282) 
globe, having been dried eaten hy 7 
, nally, is weighed, the temperature d 
metric height & being noted. ‘This weight! 
is the weight of the glass G in addition | 
the weight of the alr it contains: ‘ 
is then gently warmed and its point 
in the liquid whose. vapour density ig 
determined ; on cooling, the 
a quantity of liquid enters the telobe 
globe is then immersed in a hath, 
oil or fusible metal, according to the ter 
ture to which it is to be raised. Im 
to keep the globe in a vertical po 
metallic support, on which a mavablerod 
is fixed on the side of the vessel. 
has two rings, between which the gi 
placed, as shown in the figure. There 
other rod, to which a weight thermomets 
Perey is attached. 

Jobe and thermometer having been immersed in the bat 
latter is heated until slightly above the boiling point of the fiquidl 
globe. The vapour which passes out by the point expels all the a 
the interior. When the jet of vapour ceases, which is the ease 
the liquid has been converted into vapour, the point of the globe) 
metically sealed, the temperature of the bath #, and the b 
height 4’, being noted, When the globe is cooled, it is carefully cles 
and again weighed. ‘This weight, W’, is that ef the glass, G, plus, 
weight of the vapour which fills the globe at the temperature 
sure 7, or W'=G+f, To obtain the weight of the glass 
weight 7 of air must be known, which is determined in the f@ 
manner: The point of the globe is placed under mercury and 
tremity broken off with a small pair of pinchers: the vapour i 
condensed, a vacuum is produced, and mercury rushes up, €0 
filling the globe, if, in the experiment, all the air has been oc 
expelled. The mercury is then poured into a carefully graduan 
sure, which gives the volume of the globe. From this result, the vt 
of the globe at the temperature ¢’ may be easily calculated and 
quently the volume of the vapour. From this determination of the¥# 
of the globe the weight / of the air at the temperature ¢ and pres 
readily calculated, and this result subtracted from W gives G, thé! 
‘of the glass. Now the weight of the vapour is W’'—G. Wee 
the weight A’ of « given volume of vapour at the temperature & 
sure #', and itis only necessary to calculate the weight y* of t 
volume of air under the same conditions, which is easily acc 


The quotient Ss is the required density of the vapour, 







determining the vapour 
very high boiling points, The globe is heated in 
apour of mercury or of sulphur, the temperatures 
‘at 350° and 460°. In other respects 
a8 in Dumay’ method, 

4s US i th have 
the temperature: ich is 1 eh 

oy this heat, they use porcelain globes 


Brault wach oe Cae 
volume of a liquid and that of its 


© table the density of aream ar too” C,, and the 
‘with that of air uncer the same circumstances, 
the ratio between the weights of equal volumes 
at o% is 
IS 2 773, OF 04555 = 773 or 1: 1698. 
es of bodies are inversely as their densities, one 
expands into 1698 volumes of steam at 100° C. 


cubic inch of water yields a cubic foot of 
‘expresses the relation in a convenient 
















CHAPTER VI. 
WYGROMETRY. 


361, Obsect of hycrometry.—The object of Ayerometry is to 
mine the quantity of aqueans vapour Contained ina given volume of 
‘This quantity is very variable ; but the atmosphere is never 
saturated with vapour, at any rate, in our climates. Nor is it 
completely dry; for if Aygrometric substances, that is to sayy 
stances with a great affinity for water, such as chloride of calcium, 
phuric acid, etc., be at any time exposed to the air, they absorb 
vapour. 

362. Mygrometrie state-—As in gencral the air is never 
the ratio of the quantity of aqueous vapour actually present in 
atmosphere, to that which it would contain if it were saturated, the 
perature remaining the same, is called the Ayyrometric stale, or degree 
saturation, 

‘The degree of moisture does not depend on the absolute quantity 
aqueous vapour present in the air, but on the greater or less distance 
the air from its point of saturation, When the air is cold it may 
‘moist with very little vapour, and, on the contrary, when it is warm, 

,,even with a lange quantity of vapour., In swnmer the air 
contains more aqueous vapour than in winter, notwithstanding which 
is less moist, because, the temperature being higher, the vapour is 
from its point of saturation. When a room is warmed, the quantity 
moisture is not diminished, but the humidity of the airis lessened, 
its point of saturation is raised. The air may thus become so dry as 
be injurious to the health, and it is hence usual to place vessels of 
on the stoves used for heating. 

‘As Boyle's law applics to nonsaturated vapours as well as to 
(326), it follows that, with the same temperature and volume, the 
of vapour in a nonsaturated space increases with the pressure and 
fore with the tension of the vapour itself. Instead, therefore, of the 
of the quantities of vapour, that of the corresponding tensions may be 
stituted, and it may be said that the hygrometric state is fhe ratie of 
tension of the aqueous vapour which the air actually contiins,to the: 
of the vapour which i would contain at the same temperature 120M 
walurated, 

1C/ \s the actual tension of aqueous vapour in the air, and F 
saturated vapour at the same temperature, and E the hygrometric 


we have E é 3 whence /=F <E, 
















Asa consequence of this second definition, i is important to 
that the temperature having varied, the air may contain the 
quantity of vapour and yet not have the same hygrometne stale 
when the temperature rises, the tension of the vapour which the 
would contain if saturated increases more rapidly than the tensiod | 
the vapour actually present in the atmosphere, and hence the 






wrcen the two forces, that is to say, the hygrometric state, becomes 


E will presently be explained (370) how the weight of the vapour 
isned ina given volume of air ay be deduced from the hysromenic 


‘Different kinds of nygrometers.—//ygrvimerers are instruments 
‘measuring the hip state of the air. There are numerous 
‘of them-—chemical hygrometers, condensing hygrometers, and 


Chemical hygrometer.—The method of the chemical hygro- 
‘consists in passing a known volume of air over a eubstance which 
absorbs moisture—chloride of calcium, for instance. The sub- 
ee: having been weighed before the passage of the air, and then after 
the increase in weight represents the amount of aqueous vapour 

= in the air. By means of the apparatus represented in fig. 283, it 


Nig. ay 


to examine any given volume, Two brass reservoirs A and B, 

‘same size and construction, act alternately as aspirators, by being 

[to the same axis, about which they can turn. They are connected 

ipoieh tebcdery; and by means of two tubulures in the axis the lower 

lervoir ts always im connection with the atmosphere, while the upper 

by means of « caoutchouc tube, is connected with two tubes M and 

“Glled either: with chloride of calcium, or with pumice stone im- 

with sulphuric acid. The first absorbs the vapour in the air 

= througly, while the other, M, stops any vapour which might diffuse 
ae to the tube N. 


reservoir being full of water, and the upper one of air, the * 


apa inverted so that the liquid flows slowly from A to B. A 


a 


| 


experiment, the tube with its contents has been ‘srighed, the « 
gives the weight of aqueous vapour present in 6 gallons of 
the time of the experiment. 

365, Condensing bygrometors.—When a body gradually iad 
moist atmosphere, as, for instance, when a lunyp of ice fx placed ia 
contained in a polished meta! vessel, the layer of air in imenediate: 
with it cools also, and a point is ultimately reached at which the: 
present is just sufficient to saturate the air: the least diminution of ca 
perature then causes a precipitation of moisture on the vessel in thie! 
of dew. When the temperature rises again, the dew di n 
mean of these two temperatures is taken as the dew, song and the obj 
‘of condensing hygrometers is to observe Daniell 
Regnault’s hygrometers belong to this class 

366, Danten's hygrometer.—This consists of too glass bulbs at 

extremities of a glass tube bent twid 
(fg, 284), The bulb A is two-thirds 
of ether, and a very delicate ther 
meter plunges in it; the rest of 
space contains but the 

ether, the ether having 
fore the bulb B was scaled. The 
Bis covered with muslin, and ether 
dropped upon it. “The ether in 
rating cools the bulb, and the spall 
contained in it is condensed. Thea 
ternal tension being thus dirmin 
the ether in A forms vapours whieh & 
dense in the other bulb 1. In 
tion as the liquid distils from the lo 
to the upper bulb, the ether b 
cooler, and ultimately the te: 
of the air in 


it is, accordingly, deposited on the 
side as a ring of dew corresponding! 
the surface of the ether, The: 

ture of this pomt is noted by means of the thermometer im 

‘The addition of ether to the bulb B is then discontinued, the ten 

of A rises, and the temperature at which the dew disappears 

In order to render the deposition of dew more perceptible, the 

made of black glass, 

These two points having been determined, their mean is taken as | 





‘The tension F of vapour saturated at the 
4s found by means of the same table ; the 
foamed by dividing. oh by F, represents the hygrometric state of 
For instance, the temperature of the air being 50%) sup 
dew point is 5°. From the table the corresponding tensions are’ 
‘millimeters,and F = 12699 millimeters, which gives 0'514 for the 
0 F, or the hygrometric state, 
are many sources of crror in Danicll’s hygrometer, The 
are; ist, that as the evaporation in the bulb A only cools 
von the surface, the thermometer dipping on it does not 
the dew point; 2nd, that the observer standing near the 
modifies the hygrometric ataté of the surrounding air, a® 
temperature; the cold cther vapour too flowing from the 
jul may cause inaccuracy. 
fears hygrometer,—Regnault’s hygrometer is free from 












‘Of error incidental to the use of Daniell’s. It consists of two 
silver thimbles 1-75 inch in height, and 0-75 inch in 

In these are fixed two glass tubes, D and E, in each 

A bent tube, A, open at both ends, passes 
‘of the tube D, and reaches nearly to the bottom of 
subulure on the side of D, fitting in a brass 


‘- 
‘stream from the aspirator stopped. The dew will soon dis 
and the thermometer T is again to be read; the mean 
is taken : the thermometer ¢ gives thee: 
of the air, and hence there are all the elements pee 
the hygrometric state. 

As in this instrument, all the ether is at the same 
consequence of the agitation, and the temperatures are read of 
distance by means of a telescope, the sources of error in Danicli's, 
meter are avoided. 

A much simpler form of the apparatus may be constructed ol 
common test tabe containing a depth of 1} 
provided with a loosely fitting cork in which i 

and a narrow bent tube dipping in the ether, Or 
ing through the ether, by a caourchoue tube of co 
able length, a diminution of temperature is cause 
deo is ultimately deposited on the glass ; after 
practice Ci whole process can be conducted als 
well as egnault’s complete instrument. ‘Th 
perature of thea air is indicated by a free thermome 
368. Daychrometer. Wet bulb hygromet 
moist body evaporates in the air more rapidly inj 
tion as the air is drier, and in consequence ofthis 
ration the temperature of the body sinks. The rye, 
or wet bulb hygrometer, is{based on this 
application of which, to this purpose, was first suj 
by Leslie. The form usually adopted in this cox 
due to Mason, It consists of two delicate therme 
placed on a wooden stand (ig. 286). One of the b 
covered with muslin, and is kept continually sm 
being connected with a reservoir of water by mea) 
string. Unless the air is saturated with moisture} 
bulb thermometer always indicates a lower 
than the other, and the difference between the 
of the two thermometers is greater in = 
ve a can take up more moisture. The tension ¢ of the @ 
vapour in the atmosphere may be calculated from the indications 
thermometer by means of the following empirical formula =— 
e=¢-c00077 (f-4,), | 








a a 





e he dry: 
ee etemata fo1F y= 1eC necording to the table 
97165, and we have 
"£=9°165 0100077 «5 x 750= 6'278. 
‘corresponds to a dew point of about 4'5° C. If the air had 
the tension would have been 12°699, and the air is there: 
if saturated with moisture. 


“expresses the result with tolerable accuracy, but the 
wires to be controlled for different positions 

nen got eer he eds itis 
Beta deepen ai itkont wind is oro00go : the number 
its value i me a large room with open windows, Renault found 
in temperature of the two bulbs depends on the 

‘of the current of air; he also found that at a low temperature 
moist air, the results obtained with the psychrometer differed 

d by his hygrometer. It is probable that the indications 

ter are only tre for mean and high temperatures, and 


ld ‘not foo moist. 

to ier the temperature of the dew point may be obtained 
the difference between the temperatures of the wet and 

ail b ‘a constant depending on the temperature of the air at the 
ition, and subtracting the product thus obtained from this. 

/temperature, The following are the numbers :— 







Dry al 
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‘vapour for the temperature ‘of the wef Au/é, and F 1 

vapour at the dew point, from which the dew point. 

found from the tables. The constant coefficient 88, for 

‘of air and aqueous vapour, is to be used when the reading of the w 
is above 32” F., and 96 when it is below. 

369. Mysrometers of absorption,—These hygrometers are bate 
the property which organic substances have, of elongating when 
and of again contracting as they become dry. “The most common 
is the harr or Sausswre's Aygrometer. 

It consists of a brass frame (fig. 287), on which is fixed a Bair, q) 
tened at its upper extremity in a clamp, a, provided with a sa 

This clamp is moved by a screw 4 The lower 
the hair passes round a pulley, 0, and supports a 
weight, #. On the pulley there is a ncedie, which 
along a graduated scale. When the hair becomes: 
the needle rises, when it becomes longer the 
‘makes it sink. 
The scale is graduated by calling that point 
which the needle would stand if the alr were 6 
dry, and 100 the point at which it stands in aly o 
| saturated with moisture. The distance between 
| points is divided into too equal degrees, 
+ Regnault has devoted much study in order tom 
| the air hygrometer scientifically useful, but 
| cess. And the utmost that can be claimed for it 3 
it can be used as a Aygroscope; that is, an bestm 
!/| which shows approximately whether the air is 
| tess moist, without giving any indication as tw th 
z| tity of moisture present. To this class belong the 
ornaments, one of the most common forms of 
Fie that of a small male and female figure, so 
reference to a little house, with two doors, that when it is moist 
goes out, and the woman goes in, and wce versd when it is fine, 
are founded on the property which twisted strings or pieces of © 
possess, of untwisting when moist, and of twisting when dry, 

‘As these hygroscopes only change slowly, their indications 
bebindhand with the state of the weather; nor are ¢l . 
exact. 

370. Proplem on bygrometry.—To calculate the weight P 
volume of moist air V, the hygrometric state of which is E, the tes 
ture 4, and the pressure H, the density of the vapour being § 0 
air. 

From the second law of the mixture of gases and 
seen thar the moist air is nothing more than a mixture of V ¢ubie 
of dry air at, under the pressure H minus that of the vapour, 
cuble inches of vapour at f° and the tension given by the bh 
state; these two'values must, therefore, be found i 

The formula /» F x E (362) gives the tension / of the vapourin 
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8 E has been determined, and F is found from the tables. The tension 
being known, if /’is the tension of the air, f+” = H, from which "= H 
f-H-FE. 
“The question consequently resolves itself into calculating the weight of 
cubic inches of dry air at #°, and the pressure H — FE, and then that of 
“cubic inches of aqueous vapour also at £°, but under the pressure FE, 
Now. V cubic inches of dry air under ‘the given conditions weigh 
uYH—FE) 5 ettlk and we readily see from problem III. art. 355, that V 
031 VFE. 


ie 2 igh 5 231 
sic inches of vapour at /%, and the pressure FE, weigh § x23" 7° 


Adding these two weights, and reducing, we get 
pa03!V (H-3 FE), 

(+ uf) 760 
F the air were saturated we should have E=1, and the formula would 
mus be changed into that already found for the mixture of gases and 
wturated vapours (355). 

This formula contains, besides the weight P, many variable quantitics 
, E, H, and ¢, and consequently, by taking successively each of these 
uantities as unknown, as many different problems might be proposed. 

371. Correction for the loss of weight experienced by bodies 
veighed im the atr.—It has been seen in speaking of the balance, that 
be weight which it indicates is only an apparent weight, and is less than 
he real weight. The latter may be deduced from the former when it is 
remembered that every body weighed in the air loses a weight equal to 
hat of the displaced air (176). This problem is, however, very compli- 
for not only does the weight of the displaced air vary with the 
ture, the pressure, and the hygrometric state, but the volume of 
body to be weighed, and that of the weights, vary also with the tem- 
yre ; $0 that a double correction has to be made ; one relative to the 
ights, the other to the body weighed. 

Correction relative to the weights.—In order to make this correction let 
be their weight in air, and Ni their real weight in vacuo ; further, let V 
ke the volume of these weights at 0°, D the density of the substance of 
ich they are made, and K its coefficient of linear expansion. 

The volume V becomes V (1 +3K/) at #°, hence this is the volume of 
i displaced by the weights. If u be the weight of acubic inch of air at 
and the pressure H at the time of weighing, we have 


Pem—pV(1+3K0). 
From the formula P= D (106) V may be replaced by ie and the 


















becomes 
(14 3KE 
Pens - 2043 eo]: oe AG 


stich gives the value, in air, of a weight 11, when u is replaced by its 
But since w is the weight of a cubic inch of air more ot less moist, 


- apparent weight is 9%, the real weight +’, the density a’, and the: 
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at the temperature #and the pressure H, its value may be 

means of the formula in the foregoing paragray 
Correction relative to the body weighed.—Let p be the apparent 


of the body to be weighed, = its real weight ## taco, f its density, 
coefficient of expansion, and £ its temperature, by the same 


above we have 

= [s = alt sit] ve 
~ By using the method of double weighing, and of a counterpalse 
#, and assuming that the pressure does not change, which is usually 
case, we have again 

= = nl Hit) 

=[s tN] « ; 
If@and A are the two arms of the beam, we have in the Brst 


af = bp ; and in the second aP -4f, whence AP. Replacing P and 
their values deduced from the above equations, we have 


fs mG +) a ee | 
atl ESRn 








whence * r= rere) 


which solves the problem. 





CHAPTER VII, 
CONDUCTIVITY OF SOLIDS, LIQUIDS, AND GASES 


372. Transmission of ,—When we stand at a little distance? 

& fire or other source of heat we experience the sensation of warsith. 
heat is not transmitted by the intervening air; it passes through 
without raising its temperature, for if we plice a screen before the fire 
sensation ceases to be felt, The heat from the sun reaches as 
manner. The heat, which, as in this case, is transmitted to a body! 
the source of heat without affecting the temperature of the 
medium, is said to be radiated. 

Heat is transmitted in another way, When the end of a metal bat 
heated, a certain increase of temperature is presently observed along! 
bar. Where the heat is transmitted in the mass of the body itself, i 
this case, it is said to be conducted. We shall first consider the tem 
mission of heat by conduction. 

37}: Conductivity of solida.—Dodies conduct heat with 
degrees of facility, Good conductors are those which readily tans 








Conductivity of Solids. 
metals ; while bad conductors, to which class belong 
ly liquids and gases, offer a 
ission of heat. 

power or conductivity of 
constructed the apparatus which bears his 

is represented in fig. 288, 
in which, by means of 








The box being filled 

Iebatag sac it is observed that the wax 

“toa certain distance on the metallic 

‘while on the others there is no-trace of 

“The conducting power is evidently greater in proportion as the 

to a greater distance. The experiment is sometimes 

‘attaching glass balls or marbles to the ends of the rods by 

As the wax melts, the balls drop off, and this in the 

respective conductivities. ‘The quickness with which 

in pa gt ee rea only a measure of the conducting power, in 
metals have the same or nearly the same specific heat. 

|. Despretz has contpared the conducting powers of solids by means of 

represented in fig, 28, It is. bar in which small cavities 





Fix. oF, 


* Emesvals of 4 inches: these cavities contain mercury, and a 
meter fs placed in each of them. ‘This bar is exposed at 

r 20a constant souree of heat; the thermometers gradually rise 
indicate fixed temperatures, which are less according as the 
peters are farther from the source of heat. By this method 

tz verified the following law: Jf the distances from the source of 


ete. 
7 

‘Taking the conducting power of gold at 1000, Despretz has 
the following table of conductivities >— 


them the junction of « thermo-electric couple (380). 
‘The metallic bars were made as reguar as possible; one of 


‘stant temperature. The thermo-electric couple was of 
in order not to extract too much heat. 

By this method Wiedemann and Franz obtained er 
considerably from those of Despretz. Representing 
silver by 100°, they found for the other metals Neo tla 
Silver. +. . « FF 
Copper. « fe A 
Ga: os a 532 Platinum =, 
a. es 145 Rose's alloy . . 
cet: ie Be 19 Bismuth - 


‘Organic substances conduct heat badly, De la Rive and Det 
have shown that woods conduct better in the direction 
than in @ transverse direction ; and have remarked w 
which this feeble conducting power, in a transverse 
preserving a tree from sudden changes of 
resist alike a sudden abstraction of heat from 
cession of heat from without. Tyndall has also shown that ee 
is aided by the low conducting power of the bark, which is inal 
than that of the wood. 

Corton, wool, straw, bran, etc., are all bad conductors. 

Tt has been attempted to determine the absolute quantity 
traverses in at second a plate of a substance a mitre square i 
meter in thickness, the two sides being kept at a constant dif 
this is called the cvdficient of conductivity, & The mean 
appreaimately obtained if Wiedemann's numbers are increased | 





the surface of the liquid by means of a 
the top may be made to boil, while the ice at the 


‘of experiments with an apparatus analogous to 
A ‘but he maintained the liquid in the vessel, 


mperature, and arranged 2 series of thermometers one 
‘vessel D. In this manner he found that the con- 
jids obeys the same laws as in solids, but is much 


: to conducting power the following liquids 
‘of their decreasing conductivity far heal ‘Mt 





cury, water, solution of para a sf colle 

So of zinc, solution of common salt. 
376 Manor in which 

liquid is heated at the bottom, 
produced, It is by these thar heat is 
liquid, and not by its conductivity. “Theve currente arise 
sion of the inferior layers, which, becoming less dense, rise 
and are replaced by colder and denser layers. elect: 


puted question whether gases h 
conductivity; but certainly 
restrained in thelr motion thei cont 

is very small, All substances, for inst 
between whose particles air ren 

ary, offer great resistance to the 


qui 

The following experiment originally devised by Grove is 
to prove that gases have a certain conductivity. In a glass 
vided with delivery tubes by which any gases. cin be inteodues 
which it can be exhausted, is a platinum wire which can be 
redness by a voltaic battery. When the vessel is exhausted the: 
wire is gradually raised to a bright redness; on then 
enter, the luminosity is greatly diminished, = if the vessel be & 
aod then hydrogen admitted, the luminosity quite disappears 
greater chilling of the wire in hydrogen than in air is eo 
‘Magnus to be an effect of conduction; while Tyndall 
greater mobility of the particles of hydrogen. 

378. Appiications.—The greater or less conductivity of b 
with numerous applications. If a liquid is to be kept 
time, it is placed in a vessel and packed round with no 
stances, such as shavings, straw, bruised charcoal, For this 
water pipes and puinps are wrapped in straw at the approach 
‘The same means are used 10 hinder a body from 
Ice is transported in summer by packing it in bran, or folding 
flannel, 

Double walls constructed of thick planks having between them 
finely divided materials, such as shavings, sawdust, dry leaves, et, 
heat extremely well; and are likewise advantageous in hot count 


| 
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‘During the night the windows are opened, while 

y are kept close. Pure silica in the state of rock crystal 

than lead, but inn state of powder it conducts very 

Bela eP asbestos is placed on the band a red-hot iron ball 

€ held without inconvenience. Red:bot cannon balls can be 
tothe mouth in wooden barrows partially filled with sand, 
‘been to flow over a layer of ashes underneath which 


(a. bed of ice, and the non-conducting power of the ashes has prevented 
€ from fusion. 
clothes which we wear are not warm in themselves; they only 
cetera ‘heat, in consequence of their spongy texture 
ewarmth of bed covers and of counterpanes 
otras Aare ‘manner. Doublewindows are frequently used in 
dimates to keep a rooin warm—they do this by the nonconducting 
‘of air interposed between them. It is for the same reason that two 
is are warmer than one of the same material but of double the thick- 
Hence too the warmth of fults, cider-down, ete. 
‘The sal! ena sate felt is used in the North of Europe in 
cemstruction of the Norwegian stew, which consists merely of a 
‘box with a thick lining of felt on the inside. In the centre is 
in which can be placed a stow-pan provided with a cover. On 
(of this is a lid, also made of felt, so What the pan is surrounded 
conducting envelope, Meat, with water and suitable 
in the pan, and the contents are then raised to 
‘The whole is then enclosed in the box and left to itself ; the 
will go on without fire, and after the lapse of several hours it 
quite finished. De ‘cooling down is very slow, owing to the 
‘of the Nning ; at the end of three hours the 
eaiaruanalfy nck (ised to have sunk more than from 1o° to 45°, 
"water bolls more rapidly in a metallic vessel than in one of porce- 
ref the same thickness : that a burning piece of wood can be held 
@ to the burning part with the naked hand, while a piece of iron 
Mat one end can only be held at a great distance, are easily ¢x- 
by reference to their various conductivities, 
penton of heat or cold which we feel when in contact with 
i y- Af their 
ure is lower than ours, they appear colder than they really are, 
from their conductivity heat passes away from us. If, on the 
ture is higher than that of cur body, they appear 









why carpets, for example, are warmer than wooden 
J why the latter are warmer than stone floors. 








(CHAPTER VIIL 
= RADIATION OF HEAT: bs 
® Site, mesons pews — lt fas bon sheeey Soe (372) that beat © 










| ‘be transmitted from ane body toanother without 
‘of the intervening medium. If we stand in front of a 
















between /usimous and olscure rays of heat. 

(380. Detection and measurement of radiant hoat.—In: 
the phenomena of radiant heat, very delicate thermometers | 
and the thermo-electrical multiplier of Melloni is used for 
with great advantage; for it not only indicates minute 

perature, but it also measures them with accuracy. 

‘This instrument cannot be properly understood without a ks 
the principles of thermo-clectricity, for which Book X. must b 
It may, however, be stated here, that when two different 
are soldered together at one end (hg. 292), the free ends b 





‘a wire, when the soldering ¢ is heated, a current of electric’ 

through the system ; if,on the contrary, the soldering be c 

is also produced, but it circulates in exactly the oreo 

a number of such pairs be alternately soldered together, ai 

in fig. 293, the intensity of the current produced by heating 

increased ; or, what amounts to the same thing, a smaller 

will produce the same effect. Such an arrangement of 

thermo-electric pairs is called a thermo-eleatric battery on. 
Melloni’s thermo-multiplier consists of a thermo-clectric 

with a delicate galvanometer, ‘The thermo-electric pile is 0 


= 





We oe 


wt and m, which in a are connected with the galvano- 
means of the wires @ and 

er consists of a aly of fine insulated copper wire 

frame, in the centre of which a delicate magnetic needle 

d by means of a silk’ thread. When an electric current is 

ithis coif, the needle is deflected through an angle which 

c ‘intensity of the current. This angle is measured on a 
index connected with the needle. 

y ‘be sufficient to state that the thermo-electric pile being 

with the galvanometer by means of the wires a and 4, an excess 

ture at one endl of the pile causes the needle to be deflected 

fon the extent of this excess; and 

depressed below that of the other end, a 

in the opposite direction. By 

this kind Melloni was able to measure differences of 











Of a degree. 
‘conical part C is to concentrate the thermal rays on. 
“The radiation of heat is governed by three 


#8 all directions round a body, Vf a thormo- 
positions round a heated body, it indicates 





ik medium, radiation takes place in a right line, 

f it line which joins the source of heat 
eter, the latier is not affected, 

‘obliquely from one medium into another, as from air 

Tike luminous rays become deviated, an effect 









416° 
‘Known as refraction, ‘The laws of this 0 
‘heat as for light, and they will be more fully d 


IIL Radiant heat is propagated in ; 
air. This is demonstrated by the following experiment: 
In 


means of the blowpipe, and then the 
suitably attached to an air pump, a vacuum is produced 
the interior, This having been cone, the tube is sealed 
7 the narrow: ‘On immersing this apparatus in hot 
‘or on bringing near it some hot charcoal, th 
( is at once seen to rise. This a 
Fig + meter. 


382. Causes which modify the intensity of radiant 
intensity of radiant heat is understood the quantity of heat 
| the unit of surface, Three causes are f 





temperature of 
LL. Fhe intensity ts inversely as the: 
of the distance. 
Fig. ov. Ill. The intensity is tess, the greater 

obliquity of the rays with respect to the radiating surface. 

The first law is demonstrated by placing a dor cont: 
water at 10°, 20°, or 30%, successively at equal distances from the 
a diffcrential thermometer. The temperatures indicated by the 
are then found to be in the same ratio as those of the box: 
if the temperature of that corresponding to the box at 10" 

| others will be 4° and 6° respectively. 

The truth of the second law follows from the geometrical 
the surface of a sphere increases as the square of its radius, 
hollow sphere, ad (fig. 296), of any given radius, and a souree 
in its centre; each unit of surface in the interior receives 3 
quantity of heat, Now, a sphere, ¢/ of double the radius 
surface four times as great ; its internal surface contains, 
times as many units of surface, and as the quantity of h 
the same, each unit must receive one-fourth the quantity. 

To demonstrate the same law experimentally, a narrow tin 
is taken (fig. 297), filled with hot water, and coated on one: 


Pe 
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‘The thermo-battery with its conical reflector is placed so that 

is at a‘certain definite distance, ce, say 9 inches, from this box, 
the cover having beet lowered, the needle of the galvanometer is 
to be deflected through 80°, for example. 








Fig 99 
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apparently in opposition to the second law, really confirms it. 
first the battery anly receives heat from the circular portion ad of 
Hide of the box, while, in the second case, the circular portion AB 
towards it. But, as the two cones ACB and acé are similar, and 





ee 











¥ersely as this same square. 
The third Jaw is demonstrated by means of the 
which is a modification of one originally 
represents the thermo-multiplier which is connected 
meter, and A, a metal cube full of hot water. The cube bei 


placed in such a position, A, that its front face acis vertical, the ¢ 


of the galvanometer is noted. Supposing it amounts to 45%, this 
sents the radiation from ac. If this now be turned in the directi 
sented by A’, the galvanometer is still found to mark 4s* 
‘The second sarface is larger than the first, and it therefore 
rays to the mirror, But as the action on the thermometer is 
than in the first case, it follows that in the second case, where: 
are oblique, the intensity is less than in the first case, where thers 
Kicular, 
In order to express this in a formula, let # be the intensity 
‘emitted perpendicularly to the surface, and 4” that of the © 
‘These intensities are necessarily inversely as the surfaces ac and § 
the effect’ is the same in both se and therefore * « surface: 
surface azj hence?’ =z S88 =f mi cos aoa’ which 
the intensity of oblique rays is iments the cosine of the ans 
these rays form with the wormal to the surface ; for this porch 
the angle ava’, This law is known as the Jaw of the cosine; 
ever, not general; MM. Desains and De la 
it is only trie within very narrow limits, that is, only with b 
like lampblack, are entirely destitute of reflecting power (391). 
383. Mobile equilibrium, Theory of exchanges,—P C 
suggested the following hypothesis in reference to mdfant heat, 
Prevost's theory of exchanges, which is now universally admitte 
bodies, whatever their temperature, constantly radiate heat im : 
tions. If we imagine two bodies at different temperatures 
‘one another, the one at a higher temperature will riche 
heat, its temperature will sink, because the rays it emits ane 
intensity than those it receives; the colder body, on the 
kise in temperature because it ‘receives rays of greater 





TRS This state ix 


body acd in» waco is only 
In the atmosphere it becomes cooled. 
cr Ak aie mecrding ue the Water i CALS oR 
e radiating body. In both cases the velocity of cooling ot 
o Hee ek ere Biee 1 are 


temperature is greater 
Jaw in reference to the cooling 


fore emergent 

z ey he tompere inet the 
consequently, the temperature indicated by the 
mmometer is proporti oe sau eee 


When thermal rays fall upon a body they 
ed oy two parts, one of which pene the 
as if rey 


"ig. yen 
0 atfear, like iwi, is governed 


a 
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‘be second law is also proved by the same experiment, for the various 
"5 of the apparatus are arranged so that the incident and reflected 
are in the same horizontal plane, and therefore at right angles to the 
xting surface, which is vertical. 

57. Meflection from concave mirrors.—Concave mirrors or re- 
ors are polished spherical or parabolic surfaces of metal or of glass, 
sh are used to concentrate luminous or calorific rays in the same 
fe shall only consider the case of spherical mirrors. Fig. 303 repre- 
's two of these mirrors; fig. 302 gives a medial section, which is 
td the Principal section, The centre C of the sphere to which the 
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Fig. 302. 


ror belongs is called the centre of curvature; the point A, the middle 
the reflector, is the centre of the figure; the straight line AB passing 
mugh these points, is the principal axis of the mirror. 
In order to apply to spherical mirrors the laws of reflection from plane 

, they are considered to be composed of an infinite number of in- 
ltely small plane surfaces, each belonging to the corresponding tangent 
ne; the normals to these small surfaces are all radii of the same spherc, 
Mdtherefore meet at its centre, the centre of curvature of the mirror. 
Seppose now, on the axis AB of the mirror MM, a source of heat so 
imant that the rays EK,PH..... which emanate from it may be 
sidered as a parallel. From the hypothesis that the mirror is com- 
ted of an infinitude of small planes, the ray EK is reflected from the 
line K just as from a plane mirror; that is to say, CK being the 
tmal to this plane, the reflected ray takes a direction such that the 
ge CKF is equal to the angle CKE, The other rays, PH, GI . 
"reflected in the same manner, and all converge approximately towards 
esame point F, on the line AC. There is then a concentration of the 
fin this point, and consequently a, higher temperature than at any 
ter point, This point is called the focus, and the distance from the 
‘us to the mirror at A is the focal distance. 
In the above figure the heat is propagated along the lines EKF, LDF, 
the direction of the arrows; but, conversely, if the heated body be 
wed at F, the heat is propagated along the lines FKE, FDL, so that 
‘ays emitted from the focus are nearly parallel after reflection. 
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thermometer, 
Of the other ia platinum wire 
incandescent 


by means of a 


iter than ae a differential thermometer placed in 
Baal Fehociie would exhibit a decrease in temperature 
‘This appears at first to be caused by the emission of 


a hang of mea thermometer emits are more intense than 
d by the ice, the former gives out more heat thar it receives, 
re sinks. 


its | 
on of cold experienced when we stand near a plaster or a 


ee is lower than that of our body, ar when we 
‘of ice, is explained in the same way, 
pewer—The reflecting power of a substance |s its 
hrowing off a greater or Jess proportion of incident heat. 
er varies in different substances. In order to study this 
‘bodies without having recourse to as many reflectors, 
hhis experiments as shown in fig. 305. The source of 
cal canister, M, now known as Leslie's ende, filled with hot 
€, @, of the substance to be experimented upon is placed 
of a reflecting mirrorbetween the focus and the mirror. In 











Dl eg 
tly see (395) what are the causes which modify the 


> The absorbing power of a body is its pro- 

of less quantity of incident heat to pass into 
te value is the ratio of the quantity of heat absorbed 
received, 


ex of & body is always inversely as its 
good absorbent isa bad reflector, and vice 
d that the two powers were exactly complemen- 
the reflected and absorbed heat was equal to the 
c heat. This is not the case als 





‘regularly—that is, according to laws pre- 
$5); and a third, which is irregularly reflected in 
h is called seatiered or af 2 


a,and placed the bulb of the thermometer in 
eeafecon, fis fold being then. covered, succemitely 
varnish, or with gold, silver, or copper foil, ete the 

a higher temperature under the influence of the 
‘according as the substance with which the bulb was 

ort heat. Leslie found in this way that the absorb- 

ly is yreater the leas its reflecting power, In these 
the felation of the absorbing powers cannot be 

\¢ temperatures indicated by the thermometer, for 
‘exactly applicable in this case, as it only prevails for 

oe8 not vary, and here the covering of the bulb 
. of on, But we shall presently show (394) how 
hsorbing pdwers may be deduced from the ratios of the 


a caniater filled with water at 100%, Mellon 
Itiplior the following relative absorbing 


4 too Indimink . 6. us 
{too Shellac. . . «5 78 
» Ot Metals .  . 
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It will be seen that, in this table, the order of the bodies is 
teverse of that in the tables of reflecting powers. 





same instrument, but avoided certain sources of ror incidental 
methods, They found in this manner the following: 
with lampblack as 100 — 


Platinum fol . «=. 10°80 








Burnished platinum, . 950 
Silver deposited chemically 536 
Copper foil . os et 
Goldleaf . 5 1. gk 


Tt appears, therefore, that the radiating power found by L 

metals is too large. 
30}. Tdentity of the absorbing and radiating powers — 

rie power of a body cannot be accurately deduced from its 4 
power, because the two are not exactly complementary. 
ing power would be determined if it could be shown that int 
it is equal to the radiating power, ‘This conclusion has % 
Dulony and Petit from the following experiments ‘In a 
blackened on the inside, was placed a thermometer at a 
ture, 15° for example ; the globe was kept at zero by 
ice, and having been exhausted by means of a tubulure 


_ Radiant Feat. 


‘the time was noted which elapsed while the thermometer 
®. The experiment was then made in the contrary direction; 
of the globe were heated to 15°, while the thermometer 

to zero: the time was thea observed which the thermometer 

din rising fhrough $* It was found that this time was exactly 


power is equal to the absorbing power 
sume body, and for the same dif- 
‘between its temperature and the tem- 
‘the surrounding medium, because 
‘of heat emitted or absorbed 
ne time are equal, 
point may also be demonstrated by 
‘of the following apparatus devised by 
Fig. 308 . 


bulbs of which are replaced. by two 
drical reservoirs B and C, of metal, and 
ef air. Between them is a third and 
er one A, which can be filled with hot 
by means of a tubulure. ‘The faces of 
lof A, which face the right, are coated 
| lampblack ; those of C and A, which 
c lefi, are either painted white, or are 
“with silver foil. Thus of the wo Tig. x6 
each other, one is black and the other white; hence when 
er A is filled with hot water, its white face radiates towards 
face of B, and its black face towards the white face of C. 
ex these circumstances the liquid in the stem does not move, in- 
Gtting that the two reservoirs are at the same temperature. On the 
eae ‘emissive power of the black face of Ais compensated 
‘smaller absorptive power of the white face of C; while, on the 
fiend, the fecbler radiating. power of the white face of A is com 
by the greater absorbing power ofthe black face of B. 


the radiating and absorbing powers are equal, any cause 

the one affects the other also. And as the reflecting power 

an inverse manner, whatever increases it diminishes the radiating 

powers, and ice sersd. 

been already stated that these different powers vary with different 

that metals have the greatest reflecting power, and lampblack 

lest. In the same body these powers are modified by the degree 
‘hie density, the thickness of the radiating substance, the ol 





Tt has been usually assumed that the-tefl 
the polish of the surface, and that the other p 
But Melloni showed that by scratching ap 
reflecting power was sometimes dimit 
‘This phenomenon be attributed to the greater or leas di 
flecting surface. If the plate had been originally hammered, ite/her 
geneity would be destroyed by this process, the molecules would be 
together on the surface than in the interior, and the 
be increased, But if the surface is scratched, the internal and test 
mass becomes exposed, and the reflecting power diminished. 
contrayy, ina plate which has not been hammered, and which 
geneous, the reflecting power is increased when the plate is 
because the density at the surface is increased by the scratches. 

The experiments of Leslic, Rumford, and Melloni further ‘prov 
the thickness of the radiating substance also modifies its eiissive pow 
The latter philosopher found that when the faces of a cube filled 
water at a conétant temperature were vamished, the onnmive Bama 
creased with the number of layers up to 16 layers, and that 
point it remained constant, whatever the number, He calculated 1 
the thickness of the 16 layers was o'04 of a millimeter. With refes 
to metals, gold leaves of 0°08, 0°004, and 0002 of a millimeter in thiekne 
having been successively applied on the sides of a cube of glass, the: 
nution of radiant heat was the same in each case. It appears 
that, between certain limits, the thickness of the radiating layer of 
is without influence. 

The absorbing power varies with the inclination of the incident = 

greatest at the normal incidence, that is, at right ang: 

thes in proportion as the incident rays devi b 
This is one of the reasons why the sun is hotter in summer than in 
because, in the former case, the solar rays are less oblique. 

The radiating power of gaseous bodies in a state of combustion is 
weak, as is seen by bringing the bulb of a thermometer near a hydry 
flame, the temperature of which is very high, But if a platinum spiral 
placed in this flame, it assumes the temperature of the flame, and 
a considerable quantity of heat, as is indicated by the thermometer. 
for an analogous reason that the flames of oil and of gas lamps 
more than a hydrogen flame, in consequence of the excess of carbon’ 
they contain, and which, not being entirely burned, becomes inca 
in the flame. 

396. Mellon's researches on radiant heat—For our knowledge d 
the phenomena of the reflection, emission, and absorption of heat whith 
have up to now been described, science is indebted mainly to Leslie. Bal 
since his time the discovery of ‘other and far more delicate modes of de 
tecting and measuring heat has not only extended and corrected our pre 
vious knowledge, but has led to the discovery of other phenomena of radial 
heat, which without such improved means must have remained unknows 

This advance in science is due to an Italian philosopher, Melloni, whi 
first applied the thermo-electric pile, invented by Nobili, to the measart 








ces of temperature ; a method of which a pro~ 
Coa ie 
ats Meloni used five sources of heat—rst, a Locatelll’s 
s, th fis, without x glass chimney, but provided with a reflector 
¢ 2nd, an Argand lamp, that Ma Naie Coane meg ihenaene 
‘30d, a platinum spiral, kept red hot by a spirit = (fig. 308) 


ed copper plate, kept at a temperature of about 400 
apérit lamp ae 309); 5th, a copper cube, blackened on the outside 
kc wich water at 100" (fig. 310). 
of heat.—Wefare describing the results ar- 
“Mtelloni ‘nid others, it will be convenient to state here the view 
Iiy taken as to the mode in which heat is propagated, For 
(information the chapter on the Mechanical Theory of Heatand 
‘on Light should be read. According to what has been alrendy 
‘hot body is nothing more than one whose particles are in a state 
a higher the temperature of the body the more rapid are 
4 diminution in temperature is but a diminished 
m of the particles. The propagation of heat through a 
communication of this vibratory motion from the 
‘rest of the bar. A good conductor is one which readily 
Aransmits tho vibratory motion from particle to particle, 
‘conductor is one which takes up and transmits che motion 
fy. But even through a good conductor the propagation of 
an # comparatively slow; how then are we to explain the 
us perception of heat experienced when a screen Is removed 
or when a cloud is drifted from the face of the sun? In this 
from one body to another without affecting the tem- 
medium which transmits it, In order to explain these 
tis imagined that all space, the interplanctary spaces as well 
es in the hardest crystal or the heaviest metal, in short, 
is ‘by a medium having the properties of a 
f fenuity called ¢fher. ‘The particles of a heated body 
a sente ‘of intensely rapid vibration, communicate their motion Pe 








is, body 
the hypothetical ether is termed radiation, and a, 
merely the direction of the motion of one series of 
It will facilitate the understanding of this to ar the 
mode in which sound is produced and ps 
‘one whose entire mass is in a state of vibration ; the ee pid 
of dea staal the more acute the sound; the slower the rate 
the deeper the sound, This vibratory motion is 
surrounding air, by means of which the vibrations reach the sud 
nerve and there procluce the sensation of sound. If a metal ball be 
say to the temperature of boiling water, we can ascertain that it 
heat, alti we cannot see any luminosity; and if its tes 
Kradually raised, we see it become successively of a dull red, 
and dazzling white. Here it is assumed that at each particular temperats 
the heated body emits waves of a definite length; in otber words, its p 
ticles vibrate in a certain period. As its temperature rises it sends. 
other and more rapid undulations, which coexist however with all t 
which it had previously emitted. Thus the motion at each 
temperature is compounded of all preceding ones. 
It has been scen that vibrations of the air below and above a 
rate do not affect the auditory nerve ; it can only take up and 
the brain vibrations of a certain periodicity, So coo with the 
which produce heat. ‘The optic nerve is insensible to a 
wave lengths, It can apprehend only those waves that form th 
Spectrum. If the rate of undulation be slower than the 
than the violet, though intense motion may pass through 
of the eye and fall upon the retina, yet we shall be utterly anc 
of the fact, for tho optic nerve cannot take up and respond te | 
vibrations which exist beyond the visible spectrum in both 
Hence these are termed uvisiéle or obscure rays. A vast q 
these obscure rays are emitted by flames which, though. 
aare yet almost non-luminous, such as the oxy-hydrogen f 
‘fa Bunsen’s burner ; for the vibrations which these cmit, 
in part of penetrating the media of the eye, are incapable of 
the optic nerve the sensation of light. 
398. Thermal analysis of solar Ught.—When a solar + 
admitted through an aperture in a dark room, is t 
of rock salt by means of a lens of the same material, ui 
emerging from the prism is received on a screen, it will 
present a band of colours in the following order : red, o: 
green, blue, and violet, This is called the spectrum. 
If now a narrow and delicate thermo-pile be placed 31 
space occupied by each of the colours, it will be scarcely a 
Yiolet, but in passing over the other colours it will indicate 





iy at whieh it pine | is 

eer iess & Gocreaee of temperature: 

‘a point, O, }, where it ceases to be affected. This point is 
from R as the latter is from Vj that is, there is a region 
effects are produced extending as far beyond the red 

ye spectrum} in one dinsction as the entire length of the visible 


pantie oe. In accordance with what we have stated, the 
ts of rays of different rates of vibration ; by their pas- 
apa re unequally broken or refracted ; those of 

‘ ngth or slowest vibrating period are least bent aside, or 


rays outside the red are called the extra or ultra- 
the Hermhelien rays, from Sir W. Herschel, who 


sof other materials than rock salt be used, 

will be found to vary with the nature of 

ay uel by Seebeck. Thus with a prism of 

z with one of crown glass, in the middle of the 

are due, as Melioni subsequently found, to 

‘that prisms of different materials absorb rays of different 
‘extents. But rock salt practically allows heats 
ape ‘equal facility, and thus gives a normal spectrum, 
U's researches.—Prof. Tyndall has recently investigated 
ced by the electric light, and has arrived at some 
results. His mode of experimenting was as follows:— 
‘was produced between charcoal points by a Grove’s 

ls. The beam, rendered parailel by a double rock salt 

4 narrow slit, and then through a second 

tesice Kas of wbielighe thus obtained being decomposed 
To investigate the thermal conditions: 
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of the spectrum & /énear thermo-electric pile was-used ¢ | 

sisting of a number of elements: in @ line, and i 

was a slit that could be narrowed to anyextent, ‘The | im 
mounted on a movable bar connected with a fine screw, so 
{uening « handle the pile could be pushed forward 

space. On placing this apparatus, originally devised by Mellon | 
researches on the solar spectrum, successively in cach part of the: 
of the electric light, the heating effected at various paints 
other was determined by the indications of a very delicate 

As in the case of the solar spectrum, the heating effect 






space beyond the red, ‘The position of the greatest heat was at 
far from the limit of the visible red as the latter was from the green,’ 
the total extent of the invisible spectrum was found to be twice 
the visible, | 
‘The increase of temperature in the dark space is very considext 
If thermal intensities are represented by perpendicular lines of 
tionate length, erected at those parts of the spectrum to which 
correspond, on passing beyond the red end these lines increase mpl 
and greatly in length, reach a maximum, and thea fall somewhat m 
suddenly, If these lines are connected, they form a curve (fig § 
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which beyond the red represents a massive peak, which quite 
its magnitude that of the visible spectrum. In fig. 315 the dark 
the end represent the obscure radiation, Theeurve is based in the 
above stated, on the results obtained by Prof. Tyndall with the 
light. ‘The upper curve, in fig. 313, represents the spectrattt 
light from the experiments of Miller with a rock salt prisms, 
lower curve represents the results obtained with the use of a 
prism, which is thus seen to absorb some of the ultra-red radiation 
Prof. ‘Tyndall found that by interposing various substances, 
cially water, in certain thicknesses, in the path of the electric 
ltra-red radiation was greatly diminished, the peak was not 30 





. ull 


confirmed 
tion of the maximum in the solar spectrum differs on differ 
lich ts probably due to the varying absorption of the atmo. 


Fig a> 


im consequence of its varying hygrometric state. Recently, 
in = sry seal ge the same shifting of the maximum to occur 
ve Seasons of the year; for in winter, when there is least 
fin the atmosphere, the maximum fs farther from the red than 
inen the aqueous vapour in the alr Is most abundant, An 

‘on the luminous rays has also been made by Cooke, 

ho found-that ‘the faint black lines in the solar spectrum 


‘and obscure radiation—It has been stated that 
Taminous object, a gas flame for example, is of 

4 portion consists of what we term light, but 
heat rays, which are insensible to our 

optic nerve. When this mixed radiation 

of a thermo-electric pile, the whole of it 

the light by this act being converted into heat, 
tionally with the purely ¢ calorific rays. 

ous source, expressed in units of heat or 


the luminous or the obscure radiation 

by acapatre action on the pile the relative 
Vight radiated from the source, Melloni sought 
luminous beam through a layer of water cony 

4a liquid which he found in previous experi- 
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‘ments absorbed all the radiation’ bbeerisiier ce or 5 
Comparing the transmission through this d 
luninous part of the beam to pass, but quenched the obseure po 
with the transmission through a plate of rock salt—which al 
neither the luminous nor the obscure radiation, but gave the loss 
reflection—Melloni revealed the astonishing fact that 90 per cent. 6 
radiation from an oil flame and gy per cent. of the radiation 
alcohol flame consist of ‘ible calorific rays, This: 
still further increased by the recent experiments of fA 
employed a liquid free hate objections which bave caused 
error in Melloni’s method. Prof, Tyndall discovered that iodine, 

to light, is transparent to the obscure heat rays. 
substance in bisulphide of carbon, a solution was obtained whi 
impervious to the most intense light, but wonderfully pervious to m 
heat; only a slight absorption being effected by the bisulphides 
successively comparing the transmission throagh the trat 
and the transmission through the same liquid rendered opaque by iod 
the value of the luminous radiation from various sources was found: 
its follows 


Source 
Red-hot spiral . 
Hydrogen flame 
Ollflame . 
Gas flame . 
White-hot spiral . 
Electric light 


Here by direct experiment the ratio of luminous to obscure 
the clectric light is found to be 10 per cent. of the total radiation, 
prismatic analysis, the curve shown in fig. 312 was obtained, 
cally representing the proportion of luminous to obscure rays i= 
electric light ; by caleulating the areas of the two spaces in the 
gram, the obscure portion is found to be nearly 10 times aa large as 
luminous, 

4o!, Transmutation of obscure rays.—We shall find, 
the luminous spectrum, that beyond the violet there are 
invisible to the eye, but whieh are distinguished by their Chemical 
and are spoken of as the acséxéc or chemical rays; they are alsoki 
the Riiferic rays, from the philosopher who first discovered their 

As we shall also see in the book on Optics, Prof. Stokes has suec 
in converting these rays into rays of lower refrangibility, whieh tl 
became visible ; 50 Prof. Tyndall has recently effected the comresp 
but inverse change, and hay increased the refrangibility of the 
schelian or extra red says, and thus rendered them visible, 

Prof. Tyndall worked with the clectric light. “The chareeal 
placed in front of a concave silvered glass mirror in such @ m 
the rays from the points after reflection were 
about 6 inches distant. On the path of the beam was in 





sclaion ot Yoaion Bisulpide of catbon, which, as we Dave 


power of completely stopping all luminous radiation, but 
‘to the ton-luminous rays, On now placing in the 
sof t ‘beam thus sifted a piece of platinum, this was raised to 
ce by the impact of perfectly invisible rays. In like manner 

of ‘charcoal i in wnewo was heated to redness, 
proper arrangement of the charcoal points a metal may be raised. 
4 ee-and the light now emitted by the metal yields on prismatic 
‘@ brilliant luminous spectrum, which is thus entirely derived 

invisible rays beyond the red, 

the mew phenomena here described, this transmutation of non- 
into luminous heat, Prof Tyndall has applied the term 





the eye was cautiously placed inthe focus, guarded by a small 

pierced in a metal screen, so that the converged rays should 

the pupil and not affect the surrounding part of the eye, no 

‘of light was produced, and there was scarcely any serisation of 

A considerable portion was absorbed by the humours of the eye, 

[yet a powerful beam undoubtedly reached the retina; for, as Prot. 

Ml showed by a separate experiment, about 18 per cent. of the 

radiation from the electric light passed through the humours of 
eye 

‘Fransmutation of thermal ruys.—Melloni was the first who 

ned extensively and accurately the absorption of heat by solids 

fi ‘The apparatus he employed is represented in the annexed 

(314), where AB is the thermo-electric pile; a is a support for the 


Fig soy 
‘of best, in this cose a Locatelli’s lamp; F and E are screens, and 
ypart for the body experimented upon ; while m is the pile, and 


psburees of heat used by Melloni in his experiments have 
(396) enumerated. 





















336° 
‘To expres the power which bodies hare of athe mitting 

used the term diaéhermancy : diathermancy bears the u 

radiant heat that transparency does to light; and im fi 

power of stopping radiant heat is called athermancy, Wi 

sponds to opacity for light. In seating ont on the dia 

iquids, Melloni used glass troughs with parallel sides, the thick 

the liquid layer being 0°36 in. The radiant heat of an Argand 

a glass chimney was first allowed to fall directly on the face of 

and the deflection produced in the galvanometer taken as the 

tion; the substance under examination was then interposed, j 

deflection noted. This corresponded to the quantity of heat w 

by the substance, If ¢ indicate this latter number, and ¢” the to 


Ui titooie 


which is the percentage of rays transmitted. Thus, calling tf 
radiation 100, Melloni found that 


Bisulphide of carbon transmitted =. 9. =. + + 
Olive oil . acs Oe Te, fe 
Ether v4 ye teed ag wie tS 
‘Sulphuric acid a a : 
Alcohol oe a eS 
Solution of alum or sugar » a4 ee Bt 
Distilled water 4 sae ty 


In experimenting with solids the substances were cut into p 
Inch in thickness, and it was found that of every 100 rays there 
transmitted by 


Rock salt. 92 Selenite. . . . 
Iceland spar and plate glass | 62 Alum | é 
Smoky quartz, . 57. Sulphate of copper . 


Transparent carbonate of lead 52 


The transmission of heat through liquids has been ined 
Prof. Tyndall in the following way :—Instead of employing a glass 
to hold the liquids under examination, he made use of a little cell wi 
ends were stopped by parallel plates of rock salt, The plates 
separated by a ring of brass, with an aperture on the top through 
the liquid could be poured. As this plate could be changed at 
liquid layers of various thicknesses were easily obtainable, the af 
being merely screwed together and made liquid tight by paper washé 
The instrument was mounted on a support before an opening in a be 
screen placed in front of the pile. ‘The source of heat employed 
spiral of platinum wire raised to incandescence by an electric eu 
the spiral being enclosed in a small glass globe with an aperture in 
through which the radiation ery unchanged in its character, a 


essential importance overlooked by Meloni, The 
contains the results of experiments made with liquids in the 
thicknesses indicated, the numbers expressing the absorpitien per 
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{yeep per cent. can be found in each 
ption from too. Thus a layer of water 0 












‘from these tables, that there is no connection between dia- 

rand Ceayenr eda ‘The liquids, except olive oil, are all colour 

SPRY as much as 75 per cent, in the amount 

transmitted. Among the solids, smoky quartz, which is nearly 

light, transmits heat very well; while alum, which is perfectly 

eats off 83 per cent, of heat rays, As there are different 

‘of transparency, so there are different degrees of diathermancy ; 
cone | be predicated fram the other. 

ng the transmission of heat from different parts of the spec- 

peers senoection between light and heat becomes manifest. 

‘Masson and Jamin received the spectrum of the solar 

‘of rock salt on a movable screen provided with 

ae SERS or lowering the screen the action of any 

spectrum on different plates could be investigated. They 


rock crystal, ice, and generally substances transparent for 


d glass, red, for instance, which only transmits the red 

um and eines 3 the otha, also extinguishes every 
it, excepting that 

De ag are apn aan for luminous 

‘obscure heat near the red, that is, the most refran- 

the extreme obscure rays, or those which are the 





ooohan’ 





‘These different sources of heat correspond to light from different s 
Rock salt is here stated to transmit all kinds of heat with 
and to be the only substance which does sa. It is 

glass, which is transparent for light from all sources Fluor sj 
mits 78 per cent. of the rays from a lamp, but only 33 of 
blackened surface at 100%. A piece of plate glass only on 
inch thick and perfectly transparent to light, is opaque to all t 
from a Source of roo, transmits only’6 per cent. of the heat 

at 400", and but 39 of the radiation ftom the lamp, 
contrary, though it cuts off all heat from a source at 100%, a 
cent. of the heat at 400° to pass, and is equally 

from the spiral, but on account of iss acne ire 9 

from the lamp. As we have already seen, ino 

ray; now as several of the substances in this table are p 
luminous rays, and yet, as in the case of ice, transmit b 
luminous heat, we have an apparent anomaly ; which, ho 
confirmation of the remarkably small proportion which 

of a lamp bear to the obscure. 

From these experiments Melloni concluded that as the t 
the source rose more heat was transmitted. This may b 
general law, which has been recently confirmed by some ret 
ments of Prof. Tyndall, The platinum Inmp, 
used as the source, the temperature of which Prof, 
to vary from a dark to a brilliant white heat, without di 
way the position of the apparatus ; the gradations of t 
obtained by a gradual augmentation of the strength of 
which heated the platinum spiral. Instead of 
chosen as the subject of experiment, and examined in 


described subsequently; the measurements are given in 
table — 5 





‘of rays absorbed is here seen to diminish in each case 

of the source rises. Mere clevation of temperature 

invariably produce a high penetrative power in the 

‘Prof. Tyndall has shown thar the says from sources of 

than any of the foregoing are more largely ab- 

certain substances than are the rays emitted from any one of 
as yet mentioned. Thus it was found that the radiation from: 

a dame was completely intercepted by a layer of water only o27 

h the same layer transmitting 9 per cent. of the radiation 
‘spiral, a source of much lower temperature. The expla 

ig, that those rays which heated water emits (and water, the 
Ceriy is the main radiant in a hydrogen flame) are the 
this substance most largely absorbs. This statement, 

ieee after reading the analogous phenomena in the 

. serikingly exemplified by the powerful absorption of the 

| carbonic oxide flame by carbonic acid gas. It will be seen 

dy (406) that of the rays from a heated plate of copper olefiant gas 
artes 14 ey the quantity intercepted by carbonic acid, whilst of the 
oxide flame Prof. Tyndall found carbonic acid ab- 


heat of this character can thus be 
ite test for the presence of carbonic acid, the amount of 
be accurately measured by the same means, ‘This has 
Mr, Barrett, who, in this way, has mad says sal analy: 
Tn one experiment the qi 
Reiptsicallyshalysed was found to be 4 
+ breath chetnically analysed yave 4°66, a 


we bee oxbell Or redczin’ San ie are 
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of the plate, According to Melloni, the latter is the case; for if, 
of on one plate, heat be allowed to fall on two or more | 0 
thickness does not exceed that of the one, the Sout ee 
will be proportional to the number of reflecting surfaces, He 
concluded rock salt to be quite diathermanous, 

‘The experiinents of MM. Provestaye and Desains, of Mr 
Stewart, and those of Prof. Tyndall, show that this conclusion &) 
strictly correct ; rock salt does absorb a very small proportion of 
rays. 

‘The quantity of heat transmitted through rock sult is practi 
same, whether the plate be 1, 2, or 4 millimeters thick. But with 
bodies absorption increases with the thickness, although by no 
direct proportion. ‘This is scen to be the case in the table of 
by liquids at different thicknesses. ‘The following table tells 


portion of 1,000 rays from a Locatelli’s lamp pass through a 
of the given thickness ;-— 


Thickness in millimeters . ost , 
Rays transmitted =. . 775. 733 : tS aa ie a foo 


‘The absorption takes place in the first Inyers; the rays which | 
passed these possess the property of passing through other layers 
higher degree, 50 that beyond the first layers the heat tr 

proaches a certain constant value, If a thin glass 

behind another glass plate a centimeter thick, the ple 

the transmission by little more than the reflection from its surface | 
if a plate of alum were placed behind the glass plate, the result : 
different, for the latter is opaque for much of the heat 
glass, 

Heat, therefore, which has traversed a glass plate traverses an 
plate of the same material with very slight loss, but is very gre 
diminished by a plate of alum, Of 100 rays which had passed 
green glass or tourmaline, only 5 and 7 were respectively teamemitted! 
the same plate of alum. A plate of blackened rock sale aly tan 
obscure rays, while alum extinguishes them. Consequently, when | 
two substances are superposed, 4 system impervious to light and Beit 
obtained. 

‘These phenomena find their exact analogies in the cass ob tie 
different sources of het correspond to flames of different colours, and! 
various screens to glasses of different colours. A ved flame looked 
through a red glass appears bright, but through a rites ghia 
Appears dim or is scarcely visible. So in like manner heat 
traversed a red glass passes through another red glass with Helet 
tion, but it is almost completely stopped by a green glass. 
150° emits only one kind of heat; it is monothermal just as 
vapour is monochromatic. 

Different luminous rays being distinguished by thelr eafewrs, 19 
different obscure calorific rays Melloni gave the name of 
heat colouration, ‘The invisible portion of the spectrum fs 





‘more polished. Hodies which transmit heat of 
heated. 


not ‘Thus a window pane is not much 
sun's heat; but a glass screen held before a 
et ote and is itself heated thereby. The 
far the greater part of the heat from a fire is 
this kind of heat glass is opaque, 
When a ray of light bate ‘an unpolished: 
strection, eis decomposed into 3 variety of ay 
all directions. irregu! 
ay virtue of it that totes are visible 
them. A farther peculiarity is, that all solar rays 
from the surface of bodies, Certain bodies diffuse 
ypear coloured. “The 


Soh eameys thermocrose or heat tint. Melloni placed a 
brass foil between the source of heat and the thermo- 

ed on the side opposite to the pile with lampblack, 
side with the sul to be Investigated. Represent- 
‘of heat absorbed by the lampblack at 100, the absorption 


absorbs far less of the heat radiated from incam: 
Jampblack, but it absorbs the obscure rays from 

‘as lisnpblack. Indian ink is the reverse of 

b rays less completely than luminous rays. Lamp- 
the heat from all sources in cqual quantities, and very 
In consequence of this property all thermoscopes 

ar investigating radiant heat are covered with lamp- 
absorbent of heat. The behaviour of metals 
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is the reverse of that of lampblack. They reflect 

la ar legree. They are to heat what 2 

light. ¥ 

As coloured light is altered by diffusion from several 

Janch has shown that the different kinds of heat are al 

from different surfaces. The heat of an Argand lamp. diffuse 
white paper passes more easily through calespar than when it 


diffused from black paper, ; 

The rays of heat, like the rays of light, are susceptible of 
and double refraction. These propetties will be better under 
‘tueating of light. 


time it was believed that gaseous bodies were as 
vacuum ; and though subsequently this was disproved, yee do 
recent period it was thought that whatever absorption such 2 eae 

and similar in degree. ‘The whole subject ha 
ever, been investigated by Prof, Tyndall in a.series of laborious 
ments, which, with regard to the absorption of heat by gases, are 
importance to those of Leslie, and afterwards of Melloni, in refer 
solids and liquids. 

‘The apparatus used in these experiments is represented, in it 
features, in the adjacent figure; the arrangement being looked up 
above. 

A is a cylinder about 4 feet in length and 2} inches in diameter, 


‘~) At 


Hig. 0 


horizontally, the ends of which can be closed with Bp | 
means of a lateral tube at rit can be connected with an air pump 
exhausted; while at fis another tube which serves for the introduction) 
gases and vapours, T is a sensitive thermo-pile connected het | 
extremely delicate galvanometer M. 

The deflections of this galvanameter were proportional to the dege# 
of heat up to about 30; beyond this point the proportionality no kaye 
held good, and accordingly for the higher degrees a table was 
constructed, in which the value of the higher deflections was 
in units: the unit being the amount of heat necessary to move the need 
tho gh one of the lower degrees, 
source of heat, which usually was either a Leslie's cube fle 
with boiling water, or else a sheet of blackened copper heated ue 
Now when the source of heat was permitted to radiate through the 
hausted tube, it caused the needle to assume avery high dehentoaya 








‘high may be the temperature on both sides. 
described, by means of the screen S, the radiae 
ting cube was caused to neutralise exactly the 

the needle consequently was brought down 
remained there so long as both sources were equal. 


0 ce of the radiation from the compensating 

Corresponding to the heat cut off by the gas, Ex- 

f, alt, hydrogen, and nitrogen, when dried by passing 

c acid, were found to exert an almost Inappreciable effect ; 

regards radiant heat being but little different to a 

olefiant and other complex gases the case was entirely 

ting by the number 1 the quantity of radiant heat 

“gas absorbs 970 times, and ammoniacal gas 1195 

Inthe following table is given the absorption of 
gases, referred to air as unity :— 

con under 

rewire 


Ph sr aog 


the gases at a common pressure of one atma= 
d ata common pressure of an inch, their ditfer- 








= 


tive power.it is easily shown. Taking the total 
spheric air undor ordinary pressure at unity, the nur 
* under a pressure of 1, 3, 5, 7, and to inches of mercury are. 
go, 142, 168, 182, and 193. Thus one-thirtieth of an at 
‘oleflant gas exerts go times the absorption of an entire atmo 
And the absorption, it is seen, increases with the density, th 
a direct ratio, Prof, Tyndall showed, by special 
that for very low pressures the absorption does increase with 
Eny as a unit volume of the gas a quantity which 

wh of a cubic inch, and admitting successive measures of © 

\ experimental tube, it was found that up to 15 measures 
was directly proportionate to the density in each case. 

In these experiments the length of the experimental tube 
‘same whilst the pressure of the gas within it was cased to wary; 
‘subsequent experiments the pressure of the gas was kept co 
the length of the tube was, by suitable means, varied from owt of 
up to 50 inches. ‘The source was w heated plate of copper ; of them 
radiation from this nearly 2 per cent. were absorbed by a film of olefi 
Gas OF of an inch thick, upwards of 9 per cont, by a layer of th 
et of an inch thick, 33 per cent, by a layer 2 inches thick, 63 | 
‘by a column 20 inches long, and 77 per cent. by a colume rat 
than 4 feet long. , 

408% Abdsorptive power of vapours—Great as is the a 
power of olefiant as, it is exceeded, as Prof, Tyndall found, 
several vapours, The mode of experimenting was analogous to | 
the gases. ‘The liquid from which the vapours were to be 
enclosed ina small flask, which could be attached with « 
‘exhausted experimental tube, ‘The absorption was then dete: 
admitting the vapours into the tube in quantities measured by th 
of the barometer gauge attached to the air pump, r 

‘The following table shows the absorption of vapours under 
varying from 01 to 10 inch of mercury :— 3 





‘Name of rapowrs 


Bisulphide of carbo oe es 
Biprlay. i. Gps oes 
Choreioem |e. a sce 
Tc we 
Ce HCE eee 
Acetic ether Foetal cr 


LED | 


eran ‘as that of the former, 

mally nes peas matter constl- 
be measured; for Prof. Tyndall found thar 
‘oils exercised a Lait influenceon radiant 

was allowed to pass through m tube containing 

on ‘various essential oils, and then admitted 


uli 31, otto of roses 37, lavender 6o, thyme 68, rose~ 
aniseed 372. Thus the perfume of a 
centage of the heat of low refrangibility emitted from ie, 
‘by electrolysing water was also found to have a re- 
f ‘The smatl quantity of ozone present in elec 
found in one experiment to exercise 136 times the 
mass of the oxygen itself, 
portant results which Prof. Tyndall has obrained are 
from his experiments on the behaviour of aqueous 
‘The experimental tube was filled with air, dried 
and the absorption it exercised was found to be 
‘the tube, and admitting the ordinary undried, but 
from the laboratory, the absorption now rose to 
ce between dried and undried air can only be 
yapour the latter contains, Thus on a day of 
Ibsdrptive effect due to the transparent aqueous 
scxephars is 72 thmes as great as that of the air 
i about 209 times greater than the 
ou? utd were obtained on different days, and with 
taken from various localities, When air which had 
ed was allowed to pass through a tube filled with 
d ges and examined, it was found to exert an 
esheets Pet Tyeial ppm th we of ck 
E supp! 1c use of 
ental tube, and even the tube itself, and yet in 
‘such as to show the great power which aqueous 
sas an absorbent of radiant heat. 
‘action which the aqueous vapour in the atmosphere 
eat has been established by a series of actinometricul 
by Soret at Geneva and on they summit of Mont 
r oe of the solar heat on the top of Mont 
, ile other words, that of the heat whi 
h fabibton: pia about ath is absorbed in passing 
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through a vertical layer of the atmosphere 14,486 feet 

same observer has found that wich virwally equal solar 
the smallest transmission of heat on those days on 
Eyravoéece’vapour ie grestes Liat 3s;7WOes cea 
the atmosphere, 

409. Radiatiog power Tyndall also ne 
Seiap pair ct vase) A red-hot copper ball was ‘placed sot 
‘current of heated air which rose from it acted on one face of a th 
pile; this action was compensated by a cube of hot water | 
front of the opposite face. On then allowing # current of 
gas from a gasbolder to stream through a ring burner over 
ball and thus supplant the ascending cutee of hot ale, ina 
that the gas radiated energetically, By comparing in this man 
action of many gases it was discovered that, as is the caseowith: 
those gases which are the best absorbers are also those which 
most freely. 

410 Dynamio radiation aod absorption.—To another class 
nomena which Prof, Tyndall discovered he gives the 
radiation and absorption. 

A gas when permitted to enter an exhausted tube is heated in 
quence of the collision of its particles against the sides of the vessel it 
becomes a source of heat, which is perfectly capable of being. mn 
Prof. Tyndall calls this dynamic heating. In like manner, when a} 
full of gas or vapour is rapidly exhausted, a chilling takes plac 
rothe loss of heat in the production of motion. ‘This Prof. 
dynamic chilling or absorption, 

He could thus determine the radiation or absorption of a Lael 
any source of heat externa! to the gas itself. An 
taken, one end of which was closed with a polished metal plates 
other with a plate of rock salt; in front of the latter was the face 
pile, The needle beit }, and the tube exhausted, « gas was: 
quickly to enter until the tube was full, the effect on the 
being noted. ‘This being only a eingts effect the needle 

ero; the tube was then rapidly pumped out, by which, a 
lling was produced, andthe needle exhibited deflection in the 
direction. 

Comparing in this way the dynamic heating and chilling of 
gases, it was found that those gases which are the best absorbers: 
like manner the best radiators. 

Metallic surfaces when polished are, as we have seen (398), bad i= 
ators, but radiate freely when covered with varnish. Now Prof Tym 
made the curious experiment of varnishing a metallic surface by a) 


the pile, and its effect neutralised by st second eube placed 
other face of the pile On allowing, by a special arrangement, : 
of olefiant or coal gas to flow from a gasholder over the motallie| 
the first cube, a copious radiation from that side was prodioced as 
the flow of gas continued. Acting on the principle indicated én the fo 





‘Here, however, one gas varnished another ; 
ly the absorption of various vapours could 


Aiffered very materially in their power of 

u + of those which were tried bisul- 

pour was the worst ‘and boracie ether the best radiator, 

all case which were the best absorbents were also the best 
| By this method Prof Tyndall was able to observe a definite 

rwith the more powerful vapours when the quantity present 


for substances of such tenuity as gases and 


“oc emeeneamanbed ‘heat; and that the absorption 

state would be unlike the same bodies when 

| Moreover, all solid bodies were reduced to an equally fine 
fd ‘the present Aime wd in thelr absorbent and radiative 


‘established the belicf in the last But we have 
‘researches have revealed the powerful absorption 
‘and vapours, and we shall now briefly show that 
same philosopher have overthrown the last two 
an seagh i into the cause of the absorption of heat 


: of the absorption of heat by vapours, Prot. 
substances in a liquid form, The conditions of 

re in both cases the same; the source of heat was 
‘Platinum, heated to redness by an electric current of 
ail plates of rock salt were invariably employed to 
aad liqeice. Finally, the absorption by the vapours 
ease introducing into the experimental tube, not 

ties of vapour, but amounts proportional to’ the 
einen ths last condition had been attained, it 

‘of absorption by a series of liquids, and by the 

‘vapour, was precisely the same. Thus the 

¢ following order as liquid and as vapour, be+ 
‘absorbent, and ending with the mast powerful:— 
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Bind carbon <n Be . Risulphide ofcarbon, 


fete Lo eee 
aes ethyl 


Todide of ethyl =. + lodide of ] 
Amylene sy ey Amylenes 
Sulphuric ether =... 2 Sulphuric ethers 
Acetic ether - J * . Acetic ether, 
Formicether. . > + Formicethen | 
Alcohol. - + 5 +++ Alcohol ] 


Water. | 

‘A direct determination of the proportional amount of the ¥apod 
water could not be made, on account of the lowness of its 
the hygroscopic nature of the plates of the rock salt. But the 
andundeviating regularity of the absorption by all the other 
in the list, when as liquid and vapour, establishes the fact, which 
roborated by the experiments we have already mentioned, that 
vapour |s one of the most energetic absorbents of heat. 

In this table it will be noticed that those substances which: 
simplest chemical constitution stand first in the list, with one 
exception, namely, that of water. In the absorption of heat by gases, 
‘Tyndall found that the elementary gases were the feeblest 
while the gases of mos complex constitution were the most 
absorbers. ‘These facts, which were found in a general way to 
Solids, liquids, and gases, bave led Prof. Tyndall to infer thar 
is mainly dependent on chemical constitution ; that is to say, 
sorption and radiation are molecular acts independent of the 
dition of the body. 

But this conclusion appeared to be contradicted by the 
Masson and Courtepée on powders, Prof. Tyndall has thereforerep 
these experiments, and found them to be entirely incorrect. 
the source of error into which the French éxperimenters had 
‘Tyndall has discovered that the radiation of powders is similar! 
the solids from which they were derived, and therefore differs 4 
inter st. The absorbent power of powders was also found to! 
with their radiative power—as we have shown ta: be the case 
and gases, and, though as yet we have no experiments on the 
doubtless itlso tric for liquids. The powders were attached to 
surfaces of a Leslie's cube, in such a manner that sadiation 
from the Surface of the powder alone. ‘The following, table 
radiation in units from some of the powders examined by 
metal surface of the cube giving a deflection of 1§ units >= 


Radiation from powders, | 
Rock sale . . . «353 Chlorideofleand . . 4) 
Bini of mercury \..” \= 997" Ciccone Of aaa 
Sulphur. > + do6 Red axide oflend) | 


_ —| 


Black oxide of iron 
Sulphide of iron. 
= 804 Lampblick . 


tieed that these substances are of various colours, Some 
‘such as rock salt, chloride of lead, carbonate and sulphate of 
and hydrated oxide of zinc ; some are red, such as biniodide of 
r 2 of leach whilst others are black, as sulphide of iron, 
ck: we have besides other colours, The colours therefore 
nce on the radiating power: for example, rock salt is the 
tor, and hydrated oxide of zine one of the most powerful 
‘The views of Prof. Tyndall therefore, instead of being over- 

ed by these his latest experiments, 
Franklin made experiments on coloured pieces 
ion, indicated by their sinking into snow 
placed, to with the darkness of the colour. 
‘were equally powerful absorbents of obscure heat, and 
jood were only produced by their relative absorptions of 
conclusions to be drawn from Franklin's experitnent 
d for luminous heat, especially sunlight, such as he em- 


“The property which bodies possess of absorbing, 

eat, meets with numerous applications in domestic 

parts. Leslie stated in a general manner that white 

every well, and absorb very little, and that the contrary 

black substances. As we have seen, this principle is not 

Leslie supposed ; for example, for non-luminous rays 

great an absorbing power as lampblack (40s). Leslie's 

‘absorbents like cloth, cotton, wool and other 

when exposed to luminous heat, Accordingly, the 

wired clothing for summer is just that which experience 

Y 7, White, for it absorbs less of the sun's rays 
Beg ed tele tek col 

ve before w fire are cold, whilst the black fender 

‘hot. If, on the contrary, a liquid iy to be kept hot 

ig must be placed in a brightly polished metallic 

semissive power being lest, the cooling is slower. It 

advantageous that the steam pipes, ctc., of locomotives 


and the insides of fire-places, ought to be lined with 
0 increase the radiating power towards the apartment. 
c@ Of the great diathermaneity of dry atmospheric 
of the atmosphere are so cold, notwithstanding 
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the great heat which traverses them : whilst the intense heat of d 
divect rays on high mountains is Liaseethine the: r 
‘of aqueous vapour at those high elevations. 

As nearly all the luminous rays of the su: they 
‘the sun’s radiation as we renive tion Mie niece 
of. large proportion of luminous rays, accidents we 
the convergence of these luminous rays by 
lenses. In this way gunpowder could be 
Tays concentrated by 
greenhouses have, it is said, been found to 
leaves on which they rest. 

Certain bodies can be used (402), to separate the heat and light radia 
from the same source, Rock salt covered with lampblack, of still 
with iodine, transmits heat, but completely stops light. On 
hand, alum, either as a plate or in solution, or a thin Eayer of 
permeable to light, but stops all the heat from obscure: 


Serco # solution of alum is used with the electric light when | 
desirable to avoid too intense a heat. 

In gardens, the use of shades to protect plants seers 
diathermancy of glass for heat from luminous nays 
for obscure rays. The heat which radiates from the sun ie angly 
former quality, but by contact with the earth it is caneay into. obs 
heat, which as such cannot retraverse the glass. ‘This expli 
manner in which greenhouses accumulate their warmth, and also hi 
heat experienced in summer in rooms having glass roofs, for the: 
both cases effectually entraps the solar mys On the red) 
plates of glass are frequently used as screens to protect us he 
of a fire : the glass allows us to sce the cheerful light othe reba 
cepts the larger part of the heat radiated from the fire 
sereens thes become warm by the heat they have absorbed, yee 
radiate this heat in all directions, towards the fire as well as | 
we finally receive less heat when they are interposed. 


CHAPTER IX, 
CALORIMETRY. 


3 » Thermal untt.—The object of c: i 
measure the gauantity of heat which a body parts with or absorbs 
temperature sinks or rises through a certain number of degrees, 
it changes its condition, 

sof heat may be expressed by any of its alrectly n 
effects, but the most convenient is the alteration of temp 





i ieciontit, Gey bave each’ besciiche 
is clear that the quantity of heat 


of the atmosphere, the water will 
ft tha puspoee than the mercury : hence, in 
b degrees, water gives out more heat 


renee 9, Sateen. in 
eat as mercury does to produce the same eleva- 


are made with other substances it will be found 

bat required to" effect a certain change of tempera- 

‘every substance, and we speak of the specific 

sya quantity of heat which it absorbs 

through a given range of temperature, from 

d with the ipuartoy of heat which would 
“iearenpta the same weight of water, 

for the comparison of 

say that the aed of lead is 00314, 
of heat which would raise the temperature ot 
gh 1? C, would only raise the temperature 
through 00314. ‘ 

we of the smallest particles of a body ; in 

the atoms have the same wis viva, the 

atoms being compensated by their greater 














- 
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many objections te the use of this apparatus 
Tanejeres aoa Seay ioe eat acy AE MASS 5 
‘experiment lasts a considerable time. A certain of 
Novice Cesasiaa bcuring in dks ee on Beasiige oie eas 
D does not exactly represent the weight of the melted ice. 
417. Bansen's Toe Culortmeter. —On the very considerable: 
‘of volume which ice experiences on on passing into water (520), 
based @ cilorimerer which is particularly 
‘only small quantities of a substance can be 
determinations. ces 
receive the substance 
wider tube B. "The part a6 Contains pore mare 
‘out distilled water, and the 
together with the capillary tube rere pure 
‘This tube d is firmly fixed to the end of the tube 
graduated, and the value of each division of the, 
tion is specially determined by calibration. 











weighed quantity of a substance ata given tem 
be introduced into the tube, it soar its heat 
sinking to zero. In doing so certain: 
of ice which is evidenced Felleansdal 
of the mercury in tube d. Thus the weight of fee! 
together with the weight and o tem 
substance experimented upon, all the 
calculating the specific heat. 
eX For this mode of determining the specific 
determination of the latent heat of ice was 
was found to be 80025. It was also in connection with these 
ments that Bunsen made his determination of the specific 
which he found to be in the mean 091674. 
By the above method Bunsen determined the specific heat of 
ofthe rare metals for which a weight of only.a few grains 
413. Method of mixtures.In determining the specific 
solid body by this method, it is weighed and raised to a known 
ture, by keeping it, for instance, for some time in a chased, 
by steam ; it is then immersed in a mass of cold water, the 
temperature of which are known. From the temperature of 
after mixture the specific heat of the body is determined. 
Let M be the weight of the body, T its temperature, € its 
and let m be the weight of the cold water, and # its 
‘As soon as the heated body is plunged into the wates, the 
of the latter wntil both are at the same temperature, 
perature be ¢. ‘The heated body has been cooled by T=@; ie 
fore, lost a quantity of heat, M(T=W)c ‘The cooling water Bs 
contrary, absorbed a quantity of heat equal to (=), for the 






i latte bala’, and its 
the water, is ¢: conseq 


A miO— A); 


> that is to say, w is the 

absorb the same quantity of heat as the 

reduced valve in water of the vessel, or the 
accordingly becomes 

en len ae. 


‘it is crass? to allow for the heat abe 
r Ce by introducing into 


. Sof ea due to radiation, a preliminary 
dy whose specific heat is sought, the only 
nately the increase of temperature 

increave be 12, for example, the tempera» 
pall shia number—that is to say 5° below 

d the experiment is then carried 
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By this method of 
water receives as much heat from the 
the experiment asi lots by radiation during the second 
420, Regauult's apparatus for determining speciiie 
represents one of the forms of apparatus used by M. Regnault in d 
ing specific heats by the method of mixtures, 


‘The principal part {s a water-bath, AA, ot which fig. 32" rep 
section. It consists of three concentric conceal in the 
one there is a small basket of brass wire, ¢ c fr 
substance to be determined, in. the middle of WAIER Sateen 
meter, T. The second compartment is heated by a current 
coming through the tube ¢, from a boiler, B, and passing ihto a 
where it js condensed. ‘The third compartment, #, is an ait eh 
hinder the loss of heat. The water bath AA rests on a ch 
with double sides, EE, forming a jacket, which is kept fall of en 

in order to exclude the heat from AA and from the boiler B. 
compartment of the water bath is closed by a damper, r which & 
opened at pleasure, so that the basket ¢ can be ioral : 
ber K. 





‘process 

tof the water in the calorimeter, and 
inthe temperature of the latter, which 

substance in it. 
of | Vaptial such as potassium, where the 
the determination is made in another 
the specific heat of which is known. 
weights of different bodies whose 
‘occupy different times in cooling through 
Dulong and Petit have applied this prin- 
heats of bodies in the following manner: 
filled with the substance in a state of fine 
et ced in the powder, which is pressed down. 
> ‘temperature, and is then introduced into 
jit fits hermetically. This copper vessel is ex- 
the constant temperature of melting ice, and 
ce takes in through agiven range 
times which equal 


shich is not quite the case, that the cooling 
all substances part with their heat to the 
The method may, however, be employed 
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requires 
weight and temperature it absorbs or gives out far more heat 
substances, This double property is applied in the bor water 


‘of which we shall presently speak, and it plays a neces 
the economy of nature. 

425. Mean specitio heats of solids and liguids botween 
—By means of the method of mixture and of that of cooling, M. 
has determined the specific heats of a number of bodies. The 
table contains the numbers obtained for the bodies usually met with, 
arts — 


Sutouances Spacite Submtances | 
Water. . . . 100000 Nickel : 2 ole 
‘Turpentine 0'425 Cobalt. - ae 
Calcined animal charcoal oa6e6s, Zinc. 2 
‘Wood charcoal . » o2gint Copper , . “ie | 
Sulphur... . 020259 Brass. 1. 
Graphite. - o2or87 “Steer 7 ee 
Thermometer glass. » 019768 Tine. a : 
Phosphorus... 018949 Antimony =. | 
Diamond =... 14687 Mercury. =. se 
Grey iron + = « 092983 Gold 5S ee 
Stel . . « » O©E?50 Platinum > ie 
Iron . 041379 Bismuth, . «5 


‘These numbers represent the mean specific heats between and 
Dulong and Petit's investigations have, however, shown that the 
heats increase with the temperature. ‘Those of the metals, for 
are greater between 100° and 200° than between zero and 800% 3 
still greater between 200° and 300°, That is 10 say, & 
heat is required to raise a body from 200 to 250° than 
and still more than from zero vo 50°. For silver, the mean 
between o? and 100° is 010557, while between o” and 2007 
The specific heat of platinum for any temperature may be 
the formula 0°0525 + o00000424, where ¢ is the temperature; am 
of water by the formula 1+ 0004! +0 

‘The increase of specific heat with the temperature is 
are nearer their fusing point. Any action which increases 
and molecular aggregation of a body, diminishes its specific 
specific hext of copper is diminished by its being hammered, 
its original value after the metal has been again heated, 

‘The specific heat of a liquid increases with the ter 
rapidly than that of a solid. Wateris, however, an exception ; 
heat increases less rapidly than does that of solids. 

A substance in the liquid state has a greater specific heat 
is solid ; thus, melted tin has the specific heat 0637, while that of 


is 
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tthe specific heat of 
tur Saari paaris 


ee a 


ich requires reat skill in the experimenter, Pauillet 


Petit’s nies ot aap bear 
In Conse Dulong 
See 


is a constant number, a law 


of the temperature at which they are de~ 

um, have been determined at tempera 
points; others, like platinum, at great dis- 
doubtless, the principal reason of the 

the determinations have not been made 
tions, and at temperatures equally distant 


ts represent the relative weights of equal 
and the product fv of the specific heat 








necessary to raise the temperature of 
degree ; and Dulong and Petit's secnayie may be thie 
quantity of heat ts needed to eat au atom of all sing 


ertent, 
‘the atone hen of a body, whe’ vide by Hs 
has 


In compound bodies the law also prevails ; the product oF 
‘heat into the equivalent is an almost constant i 
ever, with the different classes of bodics, ‘Thus, for the class of 
the general formula RO, it is 1130; for the sesquioxides 
27°1$ ; for the sulphides RS, it is 1888; and for the carbonates RE 
is 21°54. 
‘The law weed be eptonent 1A the ieee ee 
compounds of the same formula, and of a simitar 
the product of the atomic weight into the specific Aoreigses © constant 
bly. ‘ludes Dulong and Petit’s law as a partic case. 
425, Specific heat of compound bodies.—in ordér to d 
specific heat of the compound from that of its elements, M. 
made the following hypothesis : he assumes that an ele 
into combination with others to form a compound peey svcalaa 
specific heat, so that if #,f',4”, . .. . represent the 
the elements, and P that of the compound; 62% «6 ve Cy. 
responding specific heats, while ,#', 1”, ... . are the: 
of these simple bodies which make up the molecule of the © 


relation obtain: 
PCmnpc twp wipe! woes 


M, Weestyn has found chat the results obtained by calcul 
hypothesis, the specific heats of the sulphides, iodides, and: 
with experimental results, 

426. Speettic heat of gases.—The specific heat of a gas 
ferred cither to that of water or to that of air, Inthe former case, 
sents the quantity of heat necessary to raise a given weight | 
through one degree, as compared with the heat necessary to 
same weight of water one degree. In the latter case it 
quantity of heat necessary to raise a given volume of the gas 
degree, compared with the quantity necessary for the same 
treated in the same manner. 

De la Roche and Rerard determined the specific hears of 
‘ence to water by causing known volumes of a given gary 
pressure, and at a given temperature, to past through a 
placed in water. From the increase in temperature of this | 
from the other data, the specific heat was determined by a 
analogous to that given under the method of mixtures. 
cists also determined the specific heats of different 


a 





ns the gases were under a constant pres- 

is, the gas as it was heated could expand, 

Heat under constant pressure. But if the 

pt at a constant volume, its pressure or elastic 

it has a different capacity for heat ; this 

eat under constant vobane, Thar this 

‘evident from the following considerations: 

of gas to have had its temperature mised @, 

constant, this increase of temperature will 

certain increase in volume. Supposing. now 

8 10 restore it to its original volume, the 

sion will be to raise its temperature again to a 

gas will now be in the same condition as 

‘not been allowed to expand. Hence, the same 

‘required to raise the temperature of a given 

“pressure remains constant and the volume 

re f+ 2 degrees if it is kept at a constant 
* 





volume but variable pressure, ‘The specific h 
“entan poe rer th he pee ea 


It is not possible to determine by direct means th 
under constant yolune with even an approach to 
always been determined by some indirect 
curate ig based on the theory of the propagation pe 
‘Imtest determination made on this basis gives the number 


value of ©. 


427. Latent heat of fusion.—Black was tho first to observe: 

ing the passage of a body from the solid to the liquid state, a 
heat disappears, so far as thermometric effects are 
is accordingly said to become Iatent, 

In one experiment he suspended in a room at the 
thin glass flasks, one containing water at 0°, and the other tt 
of ice at &% At the end of half an hour the temperature of the wa 
risen 4°, that of the ice being unchanged, and it was 10} hours be 
ice had melted and attained the same temperature, Now the’ 
the room remained constant, and it must be concluded that 
received the same amount of heat in the same time, Hence 21 
much heat was required to melt the ice and raise it to 4° 
to raise the same weight of water through 4°. So that the total 
of heat imparted to the ice was 21 = 4= 84, and as of this only 4s 
in raising the temperature, the remainder, 80, was used in. 
tho ice, 

He also determined this latent heat by immersing 119 parts 
oF in 135 parts of water at $7-7°C, He thus obtained 254 pat 

* at rr6°C. Taking into account the heat received by the vessel | 
thelliquid was placed, he obtained the murmber 79744 as the latent 
idity of ice. 
We may thus say ; 


‘Water at o° «ice at o” + Jatent heat of liquefaction, 


‘The method which Black adopted is essentially that wh 

for the determination of latent heats of liquids; ir consists in 
substance under examination at a known temperature im th 
other liquid) of a calorimeter, the temperature of which is 
melt the substance if it is solid, and to solidify it if liquid, a1 
formity of temperature is established in the calorimeter, 
is determined, ‘Thus, to take a simple ease, suppose it is 
termine the latent heat of liquidity of jee. Let M be a cert 
ice at zero, and me a weight of water at @ sufficient to mele 

ice is immersed in the water, and as soon as it has m 
Staipersture is noted. |The wits, SSS i 
with a quantity of heat, m(¢—0), If be the Intent beat of 
‘absorbs, in liquefying, a quantity of heat, Mx; but, besic 


—. 











[nahh Seon koa tay in liquids, it is assumed thar 
Tiquefying, gives out as much heat as it had absorbed in becom 
aad 


employed is essentially the <i Spare 
i ice ato ee Fig. 


twtr re crdewey part eth ee 
ea oe 
densed vapour is | 


the end of the experiment. 
Tris to be observed that, at the commenceraent of the ex 


‘condensed vapour passes out at the (emperature &, While, 
its temperature is e may, however, assume that its n 


during the experiment is 8, The vapour M after © 
therefore parted with a quantity of heat M (7. — a) 


disengaged in liquefaction is represented by Max, 
absorbed by the cold water, the worm and the vessel iss ~f) 


Mr+M-(- 8m m(s = x) 







the atmosphere ; 
on Eerie greta So 7 


when it is effected in vacuo; but 


‘The apparacis (fig. 325) 


the calorific capacity of 
dis in chemical 


A, fall of mercury, of 
avolume of more 


ting into the interior of the 
glass tube for containing the substance 


the quantities of 
a vertical tubulure, C, 
can be used fordetermining calorific capacities 
0 yin which case it is placed beneath the r of 


Rs a steel piston; a rod, tuned by a handle, 2, 
screw oes, transmits a vertical motion to 
ives itnno rotatory motion. In 


emperature of 
Aumber of thermal units imparted to it 





On Heat. 


mercury can be made to stop at any point of the tube, 40, at 
desired the graduation should commence. Having then placed 
iron tube a small quantity of mercury, which is not afterwards 
thin glass tube, ¢, is inserted, which is kept fixed agains: the 
the mercury by a small wedge not represented in the figure. The: 
being thus adjusted, the point of a bulb tube (see fig 324) se inl 
containing water, which is raised tothe boiling point: tuming the; 
of the pipette, then, as represented on n’, a quantity of the liquid 
indo the test tube, 

‘The heat which is thus imparted to the mercury makes it expand 


column of mercury in ée is lengthened bya number of divisions, 
shall call 2, Ifthe water poured into the test glass be weighed, asd’ 
temperature be taken when the column dois stationary, the product 
weight of the water into the number of degrees through whieh it 
fallen indicates the number of thermal units which the water gives) 
the entire apparatus (415), Dividing by # this number of thermal: 
the quotient gives the number a of thermal units corresponding 
single division of the tube de. 

In determining the specific heat of liquids, a given weight, M, of 
liquid in question is raised to the temperature T, and i poured in 





the | its final temperature 0, 
ions | oe i column be popes 


gal seater aaledpagteg 


down or wadding to prevent any loss of 


‘bya board, which is provided with asuitable 
the tubulures and a. A small magnifying 
‘the latter enables the divisions on scale to be 


weight of'ice at zero must be mixed with 
order to cool it to 5°? 

ce necessary 5 in Raeere the state of ice 

absorb SoM thermal units; and in order 10 

thermal units will benceded, Hence the total 

F $5M=85M. On the other hand, the heat 

‘in cooling from 26° to 5° is 9 = (20-5) = 135. 


135% from which M~1588 pounds, 

steam at 100° is necessary to raise the temperature 
er from 14° to 32°7 

! i the steam. The latent heat of steam is 540%, and 
i into water give up a 
di form # pounds of water at toc. Tut the tem\- 
pxture ts 32%, and therefore f gives up a further quantity 
for in this ense c is unity. The 208 pounds of 
14° to 32° absorb 208(52—14) = 3744 units. 












3744; from which p= 6-158 pounds, 








SESS 


recelves the steam from the boiler, A part of ite side ie 

as being left open, and a piston, P,can be seen which 

nately up and down by the pressure of the steam above er 
piston. By the piston rod A this motion is transmitted” 

lever, L, called the dam, which is supported by four iron columm=™ 
beam transmits its motion to a connecting rod, 1, wok o— 
K, to which it imparts.a continuous rovatory motion, Thao 


| -" 








 carsequently the pressure ceases in 
in communication with the condenser, 
‘only ane face of the piston, it either riscs 


upon Watt's law of vapours (334). 

ng with each other, and containing 

ment Temperatures, the tension is the same 
sepmerepcriting to tbe vernpersiire cf he cole) 


heated by the condensation of the steam, 
‘This is effected by means of two 

air pump, and pumps, from the condenser, 
contains, and also the air which was dis- 
boiler, and which passes with the steam into 
% the other, R, is called the cold water 
from a well, or from a river, into the con- 


am directing the parallel motion: 

at the end of the beam a paralie’ motion, to 

an the object of which is to guide the 
ine, 







hich removes from the condenser the air and 










, which forces into the boiler through the wbe 
the condenser. 
ip, which supplies the cold water necessary 


| ransmits the motion of the beam to the 









ka 


shaft. 

L. Beam, which moves on an axle in its middle, and ty 
motion of the piston to the Lada ike rod 

M. Cylinder of the air pump, 

N, Reservoir for the heated water panpee bp toe tle age 
condenser. 

©, Condenser into which cold water Is Injected, $0 contents 
after it has acted on the piston. 

P. Metallic piston, moving in a cast-iron pliner 5 this eet 
the direct prowsre of the steam, and transmits the motion to 
the machine. 

Q, Feeding force pump, which sends the water into the boiler. 

R. Cold water pump. 
lipe by which the hot water from the feed-pump passes into 






‘T. Pipe by which cold water from the reservoir of the pump, Ry 
into the condenser. 

U. Pipe by which the steam from the cylinder passes into the « 
after acting on the ton, 

V. Large iron wheel, called the 2y wvee?, which, by its inertia, 
to regulate the motion, especially when the piston is at the top ar be 
of its course, and the crank K at its dead poiuts. 

Y. Bent lever which imparts the motion of the eccentric ¢ to the 
valve 6. 

Z. Eccentric rod. 

a, Aperture which communicates both with the upper and lower 
of the cylinder, according to the position of the slide valve, and by: 
steam, passes into the condenser through the tube U. 

4. Rod transmitting motion to the s/ide vadve, by which Rigi 
nately admitted above and below the piston, This will be 
greater detail in the next article. 

» & Aperture by which steam reaches the valve chest, 

4, Stuffing box, in which the piston rod works without giving exit 
the steam. 

&, Eccentric, fixed to the horizontal shaft, and rotating in a 6 
which the rod Z is attached. 

m, Rod which connects the rod of the slide valve é to the bent lee 
and to the eccentric. 

‘The lower part of the figure does not exactly represent 
arrangement of the pumps. The drawing has been amodified, is 
more clearly to show how these parts work, and their eo 

aes other. 

34 Distribution of the steam. oosntric._Fig, 
ho auntie of the seve che? er arrangement for the distrié 
steam. ‘The steam from the boiler passes by a pipe, « fate a € 
‘box on the side of the cylinder. In the sides of the ey! 
three openings or forty, u, #, and a, of which # communicates 


a 
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mal conduit with the upper part of the cylinder, and » with the 
¥ part. A slide, 4, works over these three orifices. It is fixed to a 
eal rod, 4, which is jointed at m to a larger rod, d, and receives an 
ard and downward motion from the bent lever yoS, attached to the 
ntric rod. When the slide is at the top of its course, as shown in 
igure, the steam passes through » into the lower part of the cylinder, 
e the steam cannot pass through the orifice w, for it is covered by the 
at the vapour which is above the piston passes through # and through 
® the hole r, from which it enters the condenser. ‘The piston is then 
pressed upwards, and therefore ascends. 

‘hen the slide is at the bottom of its course, the steam enters the 
ider by the aperture #, and passes from the lower part of the cylinder 





Fig. 328. 


the condenser by # and a. The piston consequently descends, and 
motion goes on for each displacement of the slide. 

‘he upward and downward motion of the slide is effected by means of 
eccentric. This isa circular piece, E, fixed to the horizontal shaft, 
but in such a manner that its centre does not coincide with the axis 
this shaft. The eccentric works with gentle friction ina collar, C, to 
ich the rod ZZ is fixed. The collar, without rotating, follows the 
tion of the eccentric, and receives an alternating motion in a horizontal 
ection, which it communicates to the lever Say, and from thence to the 
de. 


435- Single acting engine —In a single acting engine the steam ony 
‘ts on the upper face of the piston ; a counterpoise fixed to the other 


On Heat. 


end of the beam makes the piston rise, ‘These engines 
structed by Watt for pumping water from mines, and”aro still 
this purpose in Cornwall, and also for the supply of water to 
‘They are preferred for these purposes from their simplicity, but 
#05 they have been superseded by the double action engine. 
Fig. 529 representsa section. The beam BB is of wood, with 





Fe sh 










scgments at each end, to which chains are attached. One of 
chains js connected with the piston, and the other with the 
‘On the right of the cylinder A is a valve chest, C, inte which 
fusses from the boiler by the tube T. There are throe valves, af 
4, 0n a vertical rod. The valves m and ¢ open upwards, the 
downwards, 
When m and o are open, as shown Inthe drawing, the steam 
through the tube T, over the piston, while the steam, whith i 
forced into the condenser through the tube M. The 
descends. The rod,on which are the valves mt, ay 
with bent lever, de, moving on a joint é “This bent lever 
opens the valves, For this purpose there are two catches, 6 
rod, F, connected with the beam, by means of whi 








’ valye [, in order to allow the steam 
ing the 


driver holds in bis hand the 


d with mahogany staves, which, from 
Joss of heat. ‘The level of the water is 
iter are the tubes aq, through which the 
; oke box, 
€ fire tubes @ terminate, 
a dome, into which the steam passes. 
ich there are 1253, open at both ends, and termi- 
fe box, and at the other in the smoke box. 
the heat of the fire. 
‘on the side of the fire box, and in which 
the handle is pushed forward of 
1 0, the engine is in full forward or backward 
te teeth xive various rates of expansion 
the middle tooth being a dead point, 
by which the safety valves # are regulated, 






height of water in the boiler. 
ping the motion of the pistons in a straight 


¢ when the pistons are in motion. 
‘is transmitted to these taps. 





‘orse-power.—The work of an engine is 
on x area of piston x length of stroke. 


des eh through a licight of a foot, 
through @ height of 20 feet would 

rance the Lilayrammeter is used ; that is, 
Kilogramme through a metre. This unit 


ig the amount of work performed in a 
iF example, In England the rates of 
derse-power, which 1s a conventional 


second. 
A engine is only about o's to o-7 of the calculated 
‘unavoidable resistance and the motion of the 
‘machine consume a portion. If the work be caleus 
iioen to be prodgced from a given weight of 
cy is far greater, The best Cornish engines 
34 per cent. of the theoretical yield of the com- 


‘Hirn made an important series of experi: 

nine by menns of the steam engine the mechani- 

On the one hand, steam of known temperature 

awed {0 act upon the steam engine, which was 
‘The amount of heat contained in it could be 

~The umount of work which the engine performed 
ned by means of a dynamometer. The steam was 
el in the condenser, and the amount of heat could 
Tt was found 

he engine, and. 

ed the amount of heat which had been converted 

= in Him’s experiments, for every unit of heat 
13$4 units of work had been performed; a result, 

“of the experiments, closely agreeing with the 





some other form of energy may be generated, 4 

In like manner heat may be caused to disappear, or 
when a change such as heat can produce is brought 
as when a liquid is vaporised or a solid ti 
here also the disappearance of heat ix not always a necessary: 
of the production byother means of changes such as might be: 
heat. 


MECHANICAL SOURCES. 


442. Heat due to frietion— The friction of two bodies, 
other, produces heat, which is greater the greater the 
more rapid the motion. For example, the axles of cari 
thelr friction against the boxes, often become so 
take fire. By rubbing together two pieces of ice in a vacua b 
Sir H. Davy partially melted thom. In a brass cann 
found that the heat developed in the course of 24 hours was 
raise 26} pounds of water from zero wo 100°, which repn 
thermal units (483). At the Paris Exbibition, in 1855, MAL. B 
and Mayer exhibited an apparatus, which consisted of a 
covered with hemp, and moving with a velocity of 400 re; : 
minute, in a hollow copper cone, which was fixed and immersed in 
water of an hermetically-closed boiler. ‘The surfaces were, 
with oil, By means of this apparatus 88 gallons of water were 
from 1 to 130 degrees in the course of a few hours, 

In the case of flint and steel, the friction of the fling 
raises the temperature of the metallic particles, which Ay off 
such an extent that they take fire in the air, 

Dr. Tyndall has devised an experiment by which the gres 
veloped by friction is illustrated in a striking manner. 
(fig. 332), about 4 inches in length and § of an inch in di 
ona small wheel. By means of a cord passing round a 
this tube can be rotated with any desired velocity, The 
pares full of water, and is closed by acork. In making! 
the tube is pressed between a wooden clamp, while the 





‘exceeding the boiling point, the cork is 
yards by the clastic force of the steam, be 


Me me 


‘Heat dus to pressure and percusston.—If a body be so com- 
Cowes Alensity: is increased, its ‘temperature rises according as 
diminishes. Joule bas verified this in the case of water and 
‘Were exposed to pressures of 15 to 25 atmospheres. In the 

f water at t'2° C., increase of pressure caused lowering of tempera- 
‘which agrees with the fact that water contracts by heat at 

ture. Similarly, when weights are laid on metallic pillars, 

and absorbed when they are removed, So in like manner 


bh ay ‘of heat by the compression of gases is casily shown 


of the faewmatic syringe (fig. 333). This consists of a glass 
th thick sides, closed hermetically by a leather piston. At the 
ity in which a small piece of tinderis placed, 


so much. heat as to ignite the tinder, 
‘geen te burn when the piston is rapidly withdrawn, The in- 
‘of the tinder in this experiment indicates a temperature of a 


ity: 
Siube being full of air, the piston is suddenly planged downwards; 
disengages 





be th: juired pa 
it at a stone falling heights 
oe oe sets com, Se tow 


turning table, The vis osu of any moving body is 
of in foot-pounds by SE, where wis the weight in 
city in feet per sccond, and gis about 32; and if the whol 
converted into heat, its equivalent in thermal units will 


Seigpees fox Soatance; sled ball wesgise Sooo a 
‘and strike against a target, what amount of heat will it 
may assume thar its eee! will be about 1 foo pee eens 


distributed between the ball and the t 
will be 14°3 thermal units; and if, for 
its temperature is originally zero, ten, taking its specific he 
shall have 
1 nongt4 xtentacyioc bardeye 

which is a temperature considerably abowe that of the 
lead (312), 

By similar methods Mayer has calculated that tra 
carth were suddenly arrested the temperature produc 
to melt and even volatilise it ; while, if it fell into the 
would be produced as results from the combustion of 
carbon the size of our globe, 


one 





m the sun, the quantity of heat which the earth 
of the heat emitted by the sun. 
ited that the average amount of heat radiated in a 
ground in the latitude of London is equal to that 
c Papece cen recn of sty ‘sacks of coal, 


inded to account for the in- J5.e a) 


van J pslepaany by the sun. ‘The most probable 
originally put forth by Mayer, but which has been 
e1 and Sir W. Thomson, according to which the heat 
ation is roplaced by the fall of meteoric stones or 

‘These are what we know as shooting atars, 


i beeen year which would not increase its 
asiaY yards would be suticient for this purpose 


globe possesses a heat peculiar to it, 
eo ‘The variations of temperature which 

ly penetrate to a certain depth, at which their 

yoo slight to be sensible, It is hence concluded that 
‘does not penctrate below a certain internal layer, which is 
“rezad temperature: its depth below the earth's 


conetast | temperature, the temperature is observed 

' ;avernge, 1° C. for every 90 feet. ‘This increase has 
fines and artesian wells. According to this, at a depth 
rature of a corresponding layer would be 100°, 





to mele all substances eHovrevee 
volcanoes confirm the xian ae leebicpey 


than 40 to 50 miles, and the interior is 

‘The cooling must be very slow, in consequence of the i 
iivty of the crust For the same reason the central dors n 
forralse the temperature of the surface mora thang) OFM 


‘om 


ipanied by di 
ee ae aaron eee 


varies with the nature of the 
ganic sat sch metal exe te eae te 
of a degree; but with ores substances, such 


absorption of gases by solid bodies presents | n 
D@bereiner found that when platinum, in the fing wate of t 


the tubulure there is am 4 
Immersed in dilute a 






Fe 6 into the vessel A, so that the 

contact with the liquid. h 
upper vessel is raised to give exit to the air in: 
rises, On a copper tube, H, fixed in the side of the 
small cone, E, perforated by an orifice; above this 
platioum in the capsule D. - 
As soon now as the cock, which closes the tube Hy is 
hydrogen escapes, and coming in contact with the spon, 
ignited. 


= 


tion of the liquid so produced in the charcoal. 

Billy thd changes of condition has been already tented 
and digwefaction; the heat produced by 

be discussed under the head of Electric iby, 


(CHEMICAL SOURCKS, 


combinations, Combustion.—Chemical combination 
P d by a certain elevation of temperature. When 
take place slowly, as when iron oxidises in the air, the 
i but if they take place rapidly, the dis- 
ee ‘The same quantity of heat is produced 
| case evolved slowly it is dissipated as fast as formed. 
is chemical combination attended with the evolution of 
“In the ordinary combustion in lamps, fires, candles, the 
ogen of the coal, or of the oil, etc., combine with the 
air. Bu combustion does not necessarily involve the pre= 
‘tither powdered antimony or a fragment of phos- 
me ik veneet ‘of chlorine, it unites with chlorine, producing 


bum withfiame. A flame is a gas or vapour raised 

‘by combustion. Its illuminating power varies with 

the product formed. ‘The presence of a solid body in the 

a cameo power, The flamesof hydrogen, carbonic 

because they only contain gaseous products 

Bat We fies of candles, lamps, coal gas, have a high 

‘They owe this to the fact that the high temperature 

certain of the gases with the production of carbon, 

ag perfectly burned, becomes incandescent in the flame. 

bart in an arrangement by which it obtains an adequate 

is almost entirely devoid of luminosity. A non-luminous 
made lurainous he placing in it pl 

re of a flame docs not depend on its illuminating power, 

n fiiensy whic fs the palest of all flames, gives the greatest heat, 

dt chemical combination of two elements may be 


1 by 
due to the impact of bodies against each other. Thus, 
tion | the atoms of oxygen which, in virtue of their progressive 
of chemical attraction, rush against ignited carbon, has been 
7 li to the action of meteorites which fall into the sun, 





experimented upon. 

worn, heat the water of the canister, and from the re 
perature the quantity of heat evolved is calculated, 

Dulong have successively modified Rumford’s calorimeter 
the combustion to take place, not outside the canister, but in a chi 
placed in the liquid itself; the oxygen necessary for the 
tered by a tube in the lower part of the chamber, and the 
combustion escaped by another tube placed at the upper part 
in a serpentine form in the mass of the liquid to be heated. 2 
and Silbermann have improved this calorimeter very greatly. 
only by avoiding or taking account of all possible sources 0 
arranging it for the determination of the heat evolved in 
actions than those of ordinary combustion. 

The experiments of MM. Favre and Silbermann are the me 
worthy,as having been executed with the greatest care. They: 
closely with those of Dulong. ‘Taking as thermal unit the heat: 
to raise the temperature of a pound of water through one d 
grade, the following table gives the thermal units in round 
‘engaged by a pound of each of the substances in burning in 
Hydrogen. 5 
Maorshgas  . |. 
Olefiant gas | |. 
Oilof turpentine 
Olive oil. 

Ether 

Coke ; 
Wood, dry. 
Wood, moi 
Carbonic oxide 


The experiments of Dulong, of Desprets, and of Hess: 
body in burning always produces the same quantity of hear! 
the same degree of oxidation, whether it attains this at onc 
reaches it after passing through intermediate stages. Thus a 
of carbon gives out the same amount of heat in burning dir 
acid as if it were first changed into carbonic oxide, and 
into carbonic acid. 

449nimal heat.—In all organs of the human body, 
of all animals, processes of oxidation are continually going 
passes through the lungs into the blood, and so into all par 
In like manner the oxidisable bodies, which are principally by 

_ 


—, 





into the blood, and likewise into ol! 
products of oxidation, carbonic acid and 


functions, even in 

c aS work, the more vigorous oxida- 

ts to the others. Moreover, a 
Sos changed into heat, by friction of the 
in their sheaths, and of the bones in their 
by the body when at work is greater 
distributes heat uniformly through the 
mal condition has a temperature of 37'5°. ‘The blood 
same temperature, that of birds is somewhat higher. 
ire rises to 42°—44°, and in cholera, or when near 





HEATING, 
re inds of heating. —//eating is the art of utilising fordo- 
justrial ‘the sources of heat which nature affers to ns. 

pie Reon hheat is the combustion of coal, coke, 


h five kinds of heating, according to the apparatus 
with an open fire ; 2nd, heating with an enclosed fire, 
by hot air; 4th, heating by steam; sth, 
‘water. 
4 —Fire-places are open hearths built against a wall 
‘through which the products of combustion eseape. 
they may be improved, fire-places will always remain 
and costly nye “ heating, for they be setidey 
t. of the total heat 






arises from the fact, that the 
for combustion 


fire-piaces. — The ine! 
s the upward current in the chimney caused by the ascent 





‘of the products of combustion; when the current is rapid. 
the chimney is said to raw well. 

“The draught is caused by the difference between the t 
inside and that on the outside of the chimney; for, in ca cet 
Cifference, the gascous substances which fill the chimney are lighter 
the air of the room, and consequently equilibrium is impossi 
weight of the column of gas CD, fig. 335, a the chimney 
that of the external column of air AB fee 
sure from the outside to the inside which causes the products of 
tion to ascend the more rapidly in proportion as the difference in w 
of the two gaseous masses is greater. 

‘The velocity of the draught of a chimney may be determined 1 
cally by the formula 


v= VEP=H, 


in which ¢ is the acceleration of gravity, o the coefficient of the: 
of air, & the height of the chimney, # the mean temperature of the: 
inside the chimney, and / the temperature of the surrounding air 

‘The currents caused by the difference in temperature of two 
cating gaseous masses may be demonstrated by placing a candle: 
top and near the bottom of the pat door of a wana # 
At the top, the flame will be turned from the room towards the 
while the contrary esiect will be produced when the candle Is fi 
the ground. ‘The (woeffects are caused by the current of heated alr 
issues by the top of the door, while the cold air which replaces it ¢ 
the bottom, 

In order to have a good draught a chimney ought to satisfy the f 
ing conditions : 

i. The section of the chimney ought not to be Target than is 
to allow an exit for the products of combustion, otherwise ascending 
descending currents are produced in the chimney, which cause it to: 

It js advantageous to place on the top of the chimney = conical pot 
rower than the chimney, so that the smoke may escape with 
velocity to resist the action of the wind, 

ii. The chimney ought to be sufficiently high, for, as the 
eaused by the excess of the external over the internal pressure, thie 
cess is greater in proportion as the column of heated alr is 

The external air ought to pass into the chamber wit 

lity to supply the wants of the fire, In a Reser closed: 
the combustibles would not burn, or descending currents would be! 
which would drive the smoke into the room. Usually air enters in ® 
cient quantity by the crevices of the doors and windows. 

iy. Two chimneys should not communicate, forif one draws bester! 
the other, a descending current of air is produced in the latter, which! 
ries smoke with it, 

453: Btewex.—Sfoves are apparatus for heating with 
placed in the room to be heated, so that the heat radiates in all 
round the stove. At the lower part is the draught hole ie by which | 





‘The products of combustion escape 
. This mode of Tai Can eh es 


di Troost's recent researches seem to show, from 
ebenng veya wh kee ea stove. 
with blackened metal stoves, but they also 
‘Stoves constructed of polished carthernware, which are 
on the Continent, heat more slowly, but more pleasantly, and 
retain the heat longer. 
eating vy steam.—Stcam, in condensing, gives up its latcat 
and this property has been used in heating baths, 
public buildings, hothouses, etc. For this purpose steam is 
in boilers similar to, those used for steam-engines, and is then 


E to circulate in pipes placed in the room to be heated. The vapour 
e: in doing so imparts to the pipes the latent heat, which be- 
, ancl ent ‘heats the surrounding air. 
‘Rot air.—Heating by hot air consists in heating the 
cease ofa building, from whence it rises to the higher pars 





Hg 2x6 
‘of its lessened density, The apparatus is arranged as represented 
bent tubes, AB, only one of which is shown in the figure, is 


Cnruers thecellar, The air passes into the tubes through 
fe end A, where it becomes heated, and rising in the direction of 


(me 
















which are placed as low in the room as possible, 


ordinary chimney, 2 
These ay are mare economical than open | 
are less healthy, owing to the want of ventilation. 
456. Moating by hot water.—This consists of a 
of water, which haying been heated in a boiler, rises th “ 
“tubes, and then, after becoming oot eam ee 
similar series. 


Fis. nn 














stories. The heating apparatus, which is in the cellar, consists of 
shaped boiler, o@, with an internal flue, F, A long pipe, My 

upper part of the boiler, and also in the reservoir Q, placed im 

part of the building to be heated. At the top of this 
safety valve, s, by which the pressure of the vapour in the 
regulated. . 

‘The boiler, the pipe M, and a portion of the reservoir, 

with water, as it becomes heated in the boiler an ascending 
hot water rises to the reservoir Q, while at the same 
currents of colder and denser water pass from the lower: 
reservoir Q into receivers, 4, d, f filled with water, The wats 


= il 


nt to communicate the necessary heat to 
Be Cifla aici of the eccivers. a, be; & of thes 
conununicate with the outside by pipes, P, 
flooring. The air becomes heated in these tubes, 
part of the receivers, 
c of this mode of heating is that of giving a 
constant for 2 long time; for the mass of water only 
much used in hothouses, baths, artificial incubation, 


itis 
provi, and generally wherever wnfom triperatue dese 






SOURCES OF COLD. 


“Various sources of cold.— Besides the cold caused by the passage 
from the solid to the liquid state, of which we have already 
cold is produced by the expansion of gases, by radiation in 
and more ‘especially yey ‘nocturnal radiation. 
produced by the expansion of gases. Ice machinos.— 
swe seen that when a gas is compressed, the temperature rises. The 
‘of this is also the case: when a g: rarefied a reduction of 
‘ensues, because a quantity of sensible heat disappears when 
‘becomes increased to a larger volume, This may be shown by 
delicate Breguct’s thermometer under the receiver of an 
copies at each stroke of the piston the needle moves in 
and regains its original temperature when air is 
d Kink haw invented a pane for abe santectars of ice, 
= pean ee Hope. ‘The hear developed by the compression 
‘is removed by a current of cold water; the vessel containing the 
fair being placed in, brine, the air is allowed to expand; in so 
it cools the brine 20 considerably as to freeze water contained in 
‘bring, It is stated that by this meansa ton of coals 
‘A steam-engine by which the compression is effected) 
ice. 


‘by nocturnal radiation.—During the day, the 

tes into space, and the 

hs ‘The heat which 
“radiation is no longer compensated for, and consequently 

© takes place, which is greater according as the sky is 

da send towards the carth rays of greater intensity than 
‘come from the celestial spaces. In some winters it has been, 
not froren, the sky having been cloudy, although 

has been for several nf below — 4°; while in other less 
‘the rivers freeze when the sky is clear, ‘The emissive 
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power exercises « great influence on the cold produced by | 
greater it is the greater is the cold. 

In Bengal, the nocturnal cooling is ued te ences ee, LU 
flat vessels containing water are placed on non- t 
such as straw or dry leaves. mnsequence of the radiation the 
BEOt oi leak conse cciecays ca ‘The.same mi 


plants from freezing, in ir nei! 

of which, pemine fan artiecial cloud), hinders the cooling pro 
radiation. 

460, Absolute sero of tomperatare,—/As a gas is increased I) 0 
volume for cach degree Centigrade, it follows that at a temy 
273° C. the volume of any gas measured at zero is doubled. In 
manner, if the temperature of a given volume at zero were lowered throt 
—273°, the contraction would be equal to the volume; that is, the 
would not exist. 

‘At this temperature the motion of the molecules of the gas 
completely cease, and the pressure thereby occasioned, in all 
bability, before reaching this temperature, gases would undergo 
change, 

This point on the Centigrade scale is called the abvefwte serv of 
perature; the temperatures reckoned from this point are called 
teniptratures, They are clearly obtained by adding 273 to the 
ture on the Centigrade scale, 





CHAPTER XI. 


MECHANICAL EQUIVALENT OF MEAT. 






461. Mechantenl equivatent of beat-—If the various instances of 
production of heat by motion be examined, it will be-found, that inl 
eases mechanical force is consurned, ‘Thus, in rubbing two bodies agi 
each other, motion is apparently destroyed by-friction ; it is noty! 
lost, but appears in the form of a motion. of the particles of ithe 
the motion of the mass is transformed into a motion of the 

if a body be allowed to fall from a height, it strikes agai 
ground with a certain velocity. According to older views, its n 
destroyed, vis viva is lost. This, however, is not the case; the 
of the body appears as vs viva of its molecules. 

In the case, too, of chemical action, the most 


an impact of the dissimilar molecules against each other, am 
alogous to the production of heat by the impact of masses of 
against each other. 





from whence we denominate the 
$0 that what in our sensation is hear, in the object is nothing, 
* Rumford, in explaining his great experiment of the pro- 
of eat By ftom, was unable to assign any other cause for the 
‘than motion ; and Dayy, in the expla of his experi- 
ting ice by friction én wacwo, expressed similar views. Carnot, 
eek on the steam-engine, published in 1824, also indicated a con- 
‘between heat and work. 
= views, however, which had been stated by isolated writers had 
‘no influence on the progress of scientific investigation, and it is in 
842 that the modem theories may be said co have had their 
In peter Dr. Mayer, a physician in Heilbronn, formally stated 
aconnection between heat and work; and he it was who. 
ced ane science the expression ‘ mechanical egwivalent of heat! 
also ave's method ‘by which this equivalent could be calewlated ; 
however, are of no value, as the method, though 
Et in principle, is founded on incorrect data. 
the same year, too, Colding of Copenhagen published experiments 
he production of heat by friction, from which he conchided that the 
‘of heat was proportional to the mechanical energy expended, 
‘the same time as Mayer, but quite independently of him, Joule 
enced « series of experimental investigations on the relation bet 
aed work. These first drew the attention of scientific mea to the 
and were admitted as a proof that the transformation of heat 
mechanical energy, or of mechanical energy into heat, always takes 
cc in a definite numerical ratio. 
Saibsequently to Mayer and Joule, several physicists by their theoretical 
investigations have contributed to establish the mecha- 


‘of hext, namely, in this country, Sir W. Thomson and Ran~ 
Helmholtz, Clausius, and Holtzmann ; and in France, 


te 
are some of the most importantand satisfactory of Joule’s 


er vessel, B (fig. 339), was provided with a brass paddle-wheel 
by the dowted Paes)» which could be made to rotate about » 
‘Two weights, E and F, were attached to cords which 

over he ‘pulleys Cand D, and were connected with the axis A. 
‘caused the wheel to rotate. The height of tho 
rin fees experiments was about 63 fcet, was indicated on 
and H, The roller A was so constructed that by detaching 

orb peed could be raised without moving the wheel. The vessel 


on a stand, and the weights allowed to 
‘When they had Spyies tepid vearked che res the roller was detached from 
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again raised, the same operations being repe: 
produced was measured by ordinary calorime 





















is measured by the product of the weight into 
falls, or wh, less the labour lost by the frictio 
diminished as far as possible by the use of fric 
's determined by connecting C and D without ¢ 
ex A.and then determining the weight necessan 
er a uniform motion. 

deen found that a thermal unit—that is, the quar 
and of water is raised through 1° C.—is gener 
same amount of work as would be require: 
1 foot, or 1 pound through 1392 feet. Th 











y gave 1397 foot-pou 
s'. ++ sf two iron plates gave 1395 foot-pounds. as 
¢ thermal unit, 

\vvriments, the air in a receiver was compre: 
3. both being immersed in a known weigh 
After 300 strokes of the piston, theh 
¢ water had gained. ‘This heat was due to 
© the friction of the piston. To eliminate 
ent was made under the same conditions, 
air was not compressed, and 300 sur 
rmal units. Hence CC’ is the heat | 
Representing the foot-pounds 














by W, we ve w cv, vf 
by We we have (."'¢., forthe valueuf 


#8 this method Joule obtained the nut 
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aovwalen 





quivalent of Heat. 


heres Joule adopted aes the mechanical equivalent 
‘on the Centigrade scale is 1390 foot-pounds. th 
-\s 772 foot-pounds, ‘This number called. Fontes 


mule the following determination of the mechanical equi- 
of the heat produced by the compression of lead. A 


ack of sandstone, CD (fig. 339), is suspended vertically by condy 


Fig. 393 


fe is. E iva picce of lead, fashioned so that its temperature 
be determined by the introduction of a thermometer. The weight of 

iis =, and its specific heat ¢ AB is a cylinder of cast iron, whose 
bris A Ifthis be raised to A,B, a height of 4, and allowed to fall 
& it compresses the lead, E, against the anvil, CD, It remains to 
faire on the one hand the work lost, and on the other the heat gained, 
be hammer AB being mised to a height A, the work of its fall is f/- 
‘its elasticity, it rises again to a height 4, the work is p (4—A,). 

ae iy eeateiar Ya bas been rained to hetake 1, and 
in 30 doing PH units of work. The work, T, definitely ab- 

the lead is (4A) —PH. On the other hand, the lead has been 

by #, ithas gained #c? thermal units, and the mechanical equivalent 


to the quotient ez = Asseties of six experiments gave 1394 as 


ivalent, 

the method which Mayer employed in calculating the 
‘of heat. It is taken, with slight modifications, from 
‘work on ‘ Heat,’ who, while strictly following Mayer's rea- 
has corrected his data. 

Bs ‘Suppose that a rectangular vessel with a section of a square 
‘ato’ cubic foot of air under the ordinary atrnosphoric 
fare; and fet us suppose that it Is enclosed by a piston without 


mow that the cubic foot of air is heated until its volume is 
+ from the coefficient of expansion of air we know that this is the 
lat a7s°C. The gas in doubling its volume will have raised the 








through a foot in height ; it will havelifted th 
this distance. But the atmospheric pees: 

‘fs round numbers 15% 14:=2160 pounds. Hence 

seating len wokeme hes Whe a weight of 2160. 


eet aoe eee 


ja of water through faa temperate 
ge frac ed sash ea ppp ns water rails 


Pee ca ieaany an head which will double the volume of a © 
foot of air, and in so doing will lift 2160 pounds through a height of a! 
is $29 thermal units. 

~ Now in the above case the gas has been heated under 


cess of heat imparted to the air when it could expand fi 
excess has been consumed in the work of raising 2160 po 


raise a pound of water through 1° C. i 
through a height of a foot; a numerical value of the mect 
Tent of heat agreeing as closely as ean be expected with 
adopted as the most certain of his experimental results, 
‘The law of the relation of heat to mechanical enengy ma 
Heat and mechanical energy are mutually comvertible 5 
far its production, and produces by its disappearance, 
in the all of 1390 Rel fs oc ey Der ae 
A variety of experiments may in like manner be adduced to 


Pre loaded 
is mised. At the same time the water becomes o 
cee that a certain quantity of hear had disappeared im pro 
mechanical effort of raising the weight. 
This may also be ilustrated by the following experiment, duc | 
‘Tyndall, 
‘A strong metal box is taken, provided with # stopcod 
be screwed a small condensing pump. Boe ie comp 
means, as it becomes heated by this process, the 
for some time, until it has acquired the peacbat” of 


(aes 
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emt i csire te a it is expelled 
raat Gy tarsi, Wc ale dives eel vor 


ce of pets and if the jet of gas be allowed to-strike against the 
the galvanometer i deflected, and the direction of its deflec- 


a cooling (fig. 340) 
‘the contrary, ermine is made with an ordinary pair of 


Fig ier 


#4, and the curtent of nir is allowed to strike agair.st the battery, the 
on of the galvanometer is in the opposite direction, indicating ai 
of temperature (fig. 341). In this case the hand of the experimen- 
the work, which is converted into heat. 
placed in a calorimeter two equal copper reservoirs, which could 





visible motion is of necessity ultimately converted into 

of friction. There is then in the present state of the 
sacar the aren of all physical energy into # 
of hear, 

‘Hear, moreover, tends to diffuse itself uniformly by 
radiation, until all matter shall have acquired the same 
There is, consequently, so far as we understand the present 
the universe, a tendency towards a state in which all physi 
he in the state of heat, and that heat so diffused, thar all or Wi 
the same temperature; so that there will be an end of | 
phenomena. < 

‘Vast as this speculation may seem, it appears to be 
experimental data, and to truly represent the present ¢0 
universe as far as we know it. 





¢lastic medium, which is called the /war/- 
is due to an infinitely rapid: 


Re eet ok cesirope, oe 

Av ia in the direction of the length of 

EC reclame 

Tight thrown out from the luminous body, 
ted by the luminous body; it is a 

feo the propagation of waves in water, takes 

tes all bodies, but on account of its 





=— 


‘ransparent or diaphanons 
mit light, and through which objects can be: 
Polished glass, are of this kind. Translucent 


or less translucent when cut in sufficiently this 
Foucault has recently shown that when objex 
is thinly silvered, the layer is 30 transparent, tl 
through it without danger to the eyes, since the m 
the greater part of the heat and light. 
455, Zuminous ray amd ponetl.—A fies 
light Serre a lurminons pemeil is ae 
‘same source; it is said to be parallel when itis 
déivergent when the rays separate from each oth 
they tend towards the same point. Every lui 
rectilinear rays from all its points, and in all di 
465, Propagation of light in a homogeneous: 
is any space or substance which light can traverse, 
water, glass, etc. A medium is said to be homogenes 
composition and density are the same in all parte. 
Inevery homogeneous medium bight ii , 
if an opaque body is placed in the right 
tuminous body, the light is intercepted. "The ‘ight “ 
a dark room by a small aperwure, leaves a lumi 


a 








\ Shadow, Pennmbra, 401 
from ‘the light falling oa the particles suspended in the atmo- 


‘Shanges its direction on mecting an object which it cannot pene- 
if when it passes from one medium to another. These phenomena 
deteribed under the heads rifiection and refraction. 

Seatow, pesumbra— Wher light falls upon an opaque bod 
‘Speech into the space immediately behind it, and this space is 


soceesnted ‘the extent and the shape of a shadow projected by a 
t¥0 cases are to be distinguished ; that in which the luminous 





L it 30 
i a single point, and that in which it is a body of any given 


ithe first case, let S (Cig, 342) be the luminous point, and Ma spherical 
which causes the shadow. If an infinitely long straight line, SG, 
‘round the sphere M tangentially, always passing through the point 
lise will produce a conical surface, which, beyond the sphere, sepa- 
(thas portion of space which is in shadow from that which isilluminated. 
eercecice, placing behind the opaque body a screen, PQ, the 
+ will be sharply defined. ‘This is not, however, 

the care, for S ious bodies have alwaysa certain magnitude, and 
Fe merely luminous points. 








Fig 30 


that the luminous and illuminated bodies are two spheres, SL. 

mn (he 343). Ian infinite straight line, AG, moves tangentially to 
Dapheres, always cutting the fine of the centre in the point A, it will 
{Ste a conical surface with this point for a summit, and which traces 
lad the sphere MIN a perfectly dark space, MGHN, If a second right 
JED, which cuts the tine of centre in B, moves tangentially tothe two 
(es, So a5 to produce a new conical surface, BDC, it will be seen that 
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all the space outside this surface is ilominated, but that the p 
the two conical surfaces is neither quite dark nor quite light. So thal 
screen, PQ, is placed behind the opaque body, the portion eGaH. 
screen is quite in the shadow, while the space ad re 
tain parts of the luminous body, and not from others. 
the true shadow, and not so bright as the rest of 
cordingly called the penumndra, 

Shadows such as these are geometrical shadows > 
those which are really seen, are by no means so sharp 
tain quantity of light passes into the shadow, event wien 
is a mere point, and conversely the shadow inf 
‘This phenomenon, which will be afterwards 

tion. 


which pass into a dark chamber sAvough a sere 

upon a screen, they form images of external. 

inverted ; their shape is always that of the external oojeesy and 

pendent of the shape of the aperture, ce) 
‘The inversion of the images arises from the fact that the hs 

proceeding from external objects, and penetrating into the 

cross one another in passing the aperture, as shown in fig: 346. 


Fine 944 


tinuing in a straight line, the rays from the higher 
at the lower parts, and inversely, those which come | 
mect the higher parts of the screen. Hence the 
In the article Cantera ohyeurn, it will be seen how the] 
cision of the images are increased by means of lenses, 
In order to show that the shape of the innage is 
the aperture, when the latter is sufficiently small, 
adequate distance, imaginea triangular aperture, © (fig. 345), 
door of a dark chamber, and let ad be & screen on which is 
image of a flame, AB. A divergent pencil from each point of the: 
penetrates through the aperture, and forms on the sérecn 
image resembling the aperture. But the union of all these 
produces a total image of the same form as the luminous 
we conceive that an infinite straight line moves round the apertart 
the condition that it is always tangential to the luminous object Aly 
that the aperture is very small, the straight line describes two cones 
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iis the aperture, while onc of the bases is the luminous ob- 
the other the luminous object on the screen—that is, the image. 
the sexren is perpendicular to the right line joining the centre of 


Fe us 


wre and the centre of the luminous body, the image is similar to 
+ but if the screen is oblique, the image is elongated in the direc 
Ms obliquity. This is what is scen in the shadow produced by 
the laminous rays passing through the leaves produce images 
stim, which are either round or elliptical, according as the ground 
‘0F oblique to the solarrays, and this is the case whatever 
shape of the aperture through which the light passes, 

Woloctty of ute —Light moves with such a velocity that at the 
ee of the earth there is, to ordinary observation, no appreciable in 
between the occurrence of any Juminous phenomenon and its per 
“And accordingly, this velocity was tirst determined 
‘observations. Rémer, a Danish astronomer, in 


d the velocity of light from an observation of the 

er’s first satellite. 
pi inet, round which four satellites revolve as the moon docs 
bh. “This first satellite, E (fig. 346), suffers occultation —thu 


Vig. ye 


{nto “Jupiter's shadow—at equal intervals of time, which are 

8m. j6x. While the carth moves in that part of ita orbit, 24, ne 
its distance from that planet does not materially alter, and the 
between two successive occultations of the sutellite are approxi- 
the same ; bet in proportion as the earth moves away in its revo. 
round the sun, S, the interval between two occultations increases, 
when, at the end of six months, the carth has passed from the position 





























the turning mirror m, and # concave mirrar M’, ide 
M.. The luminous rays reflected by the rotating: 
wM!, traverse the column of water AB twice befor 
the return fay then becomes refected at 
deviation is consequently greater for rays. ¥ 
than for those which ave pai [NCa air 
of light is less in water than in air. 

‘This is the most important part of these €: 
shown theoretically that on the und 
must be less in the more highly refracting med! 
‘site is a necessary consequence of the emission t 
peeeer ee aman a crucial test of the 


velocity consi ts of a small steam turbine, b 
to the syren, and, like that instrument, giving, 
tation is more rapid; ares ne 


meets of the rotation is determi! 

I, Zxperiments of M. Pizeau.—in 1849 M- 
diet the velocity of light, by ascertaining the time 
from Suresnes to Montmartre and back again. The app 
was a toothed wheel, capable of being turned more or! 
with a velocity thar could be exactly ascertained. The 
of precisely the same width as the intervals between th 
ratus being placed at Suresnes, a pencil of parallel ray 
through an interval between two teeth to a mirror placed: 


‘The pencil, directed by a properly-arranged system of t 
returned to the wheel. As long as the apparatus was 
retumed exactly through the same interval as that through: 
set out. But when the wheel was tumed’ sufficiently 
made to take the place of an interval, and the ray was 
causing the wheel to turn more rapidly, it reappeared 
between the next two tecth had taken the place of the 
instant of the return of the pencil. 

The distance between the two stations was 28,334 ft. 
data furnished by this distance, by the dimensions of 
velocity of rotation, etc, M. Fizeaul found the 


en 
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per second, a result agrecing with that given by astronomi- 
as closely as can be expected in a determination of this 


‘hews of the intensity of lignt.—The ER of illumination 
tity of light reccived on the unit of surface; it is subject tothe 


illumination om « given surface is inversely as the 
the source of light. 
L The intensity of illumination és received oblignely is. r- 
te the cotine of the angle which the luminous rays make Sih ie 
the itlwminated sur face. 
jo demonstrate the first law, let there be two circular screens, 
‘AB (hg. 349), one placed ata certain distance from a source of 
Lj aad the other at double this distance, and let # and S be the 





Fig. ony 


of the two screens. If a be the total quantity of light which is 
by the source in the direction of the cone ALB, the intensity of 
09 the screen CD, that is, the quantity which falls on the unit 


leface Is >and the intensity on the screen AD is, Now, ag the 


ALB and CLD are similar, the diameter of AB is double that of 
"and as the surfaces of circles are as tho squares of their diameters, 


$i four times «, consequently the intensity is one-fourth 


Jaw may also be demonstrated by an experiment with the 
represented in fig. 351. It is made by comparing the shadows 

rod cist upon a glass plate, in one case by the light of a 

and in another by that of four candles, placed at double 

Wistance of the first. In both cases the shadows have the same 


349 shows that it is owing to the divergence of the luminous 
emitted from the same source that the intensity of light is inversely 
eae of the distance. ‘The illumination of a surface placed in 

Tuminous rays is the same at all distances, at any rate in 
for in air and in other transparent media the intensity of light 
im consequence of absorption, but far more slowly than the 
of the distance 
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‘The second law of intensity corresponds to the law which 
found to prevail for heat : it may be theoretically deduced as! 





Fiz ssa 
i. Butas S is only the projection eA 


a plane perpendicular to the pencil, we know from trigonometry 
ABcos a, froin which aB=S This value, substituted In thed 







illumination), we haye I = 








equation, gives I= ¢-cos a, @ forinala which demonstrates the law 


cosine, for as a and S are constant quantities, I ix 

‘The law of the cosine applies also to rays emitted ae Bs 
nous surface; that is, the rays are less intense in 
more inclined to the surface which emits them, Tn ‘his respect ott 
respond to the third law of the intensity of radiant heat. 

473. Photometers.—A photometer is an apparatus for cacaram 
relative intensities of light. 

Rumfora's photometer, This consists of a ground glass | 
of which is fixed an opaque rod (fig. 351); the lights to be compare 


Pie 356 


instance, a lamp and a candle—are placed at a certain distamce in) 
manner that each projects on the ecreen a shadow of the rod 
shadows thus projected are at first of ioe ake by al 
the position of the lamp, it may be so that essen 
Saloesile tiataemtn ‘Then, since ea shadow thrown By the ia) 
illuminated by the candle, and that thrown by the candle is illum) 
by the lamp, the illumination of the screen due to cach lighs is ie 


of the lamp-and the candle at the unit 

‘ “distances from the shadows, it follows, 

: prea cAUGh, Yost the intensity of the lamp 
that of the candle at the distance @ On 


7—When a grease spot is made on a plece 

translucent. If the paper be illuminated by 

spot appears darker than the surrounding 

illuminated from behind, the spot appears 

greased part and the rest appear un- 

o on both sides isthe same. Bunsen s 

an application of this principle. A circular spot 

by means of a solution of spermaceti in naph+ 

‘a light of « certain intensity, which serves as a 

it is usually a wax candle of known dimensions. 

ig then moved in a right line to such a distance in 

‘that there is no difference in brightness between 

ithe rest of the screen, By measuring the distances 

the screen, their relative illuminating powers are 
‘been previously said. 

cannot be attained, more 


yn weecat 
be compared are of different colours, one, for 
ee a bluish tint. In this case, the 
hea Netra is quite uncertain, 
cipal apart of this instrument is a 
di 


; fixe isc, which rotates on i 
larger toothed wheel. ‘The wheel fits in a eylin- 
is held in one hand, while the other works 


Rabe’ ct edge 


N 
— 


Fig. 933 
jm central axis, the motion of which is transmitted 
on @ In this way the latter turns on itself, and 
round the ciscumfercace of the box ; the bead 
1. 





shares this double motion, and consequently d 
form of @ rose (fig. 353), " 
Now, let Mand N be the two lights whose 


then measured, their intensities. are proportional to the 
distances. 
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Tig ae 


plane cular 
of the graduated circle. Lastly, there is a small polished n 
m, placed horizontally in the centre of the fee 

In making the experiment, a pencil he tha the 
impinge on the mirror M, which is so inclined that 
passes through the aperture in N, and falls on the 
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Tuminows pencil then experiences a second reflection in a direction 





which ixascertained by moving P until an image of the aperture is 
jn its centre. The number of degrees comprised in the arc AN is 
vpead off, and likewise that in AP; these being equal, it follows that 
of reflection AmP is equal to the angle of incidence AnM. 
second law follows from the arrangement of the apparatus, the 
the rays Mm and mP being parallel to the plane of the graduated 
‘and, consequently, perpendicular to the mirror m. 
Preof-—The law of the reflection of light may also be demons 
by the following experiment, which is susceptible of greater aecti~ 
Ythan that just described. In’ the centre of a graduated circle, M 
£355)» placed in a vertical position, there is a small telescope movable 
h plane parallel to the limb; at a suitable distance there is a vessel full 
faexcury, which forms a perfectly horizontal plane mirror. Some pare 
War star of the first or second magnitude is viewed through the tele- 
pein the direction AE, and the telescope is then inclined so as to receive 
my AD coming from the star after being reflected {rom the brilliant 
‘of the mercury. In this way the two angles formed by the rays 
Sed DA, with the horizontal AH, are found to be equal, fom which it 


Fig. 358 


Gasily be shown that the angle of incidence E‘DE is equal to the 
of reflection EDA. For if DE is the normal to the surface of the 
ry, & ts perpendicilar to AH, and AED, ADE are the conplements 
eegeal angles FAH, DAH ; therefore AED, ADE. are equal; but 
AE and DE’ may be considered parnilel, in consequence of 
‘distance of the star, and therefore the angles E DE’ and DEA 
I, for they are alternate angles, and, consequently, the angle EDE 
wal to the angle EDA, 


REFLECTION OF LIGHT TROM PLANE SURFACES, 


f Baferors. Tmages— Mirrors are bodies with polished surfaces 
} show by reflection objects presented to them, The place atwhich ob. 
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jects appear is their émage. According to their shape, 
into plane, concar, conver, spherical, parabolic, conical, 
476. Formation of tmages by plane mirrors.—The deter 

a Position and size of images resolves itself into 
of a series of points, And first, the case of a single 
fore a plane mirror, MN (fig. 356), will be considered. Any # 
cident from this point on the mirror, is reflected in the dit 
making the angle of reflection DBO to the angle of inci 

If now a perpendicular, AN, be let fall from the point A on 
and if the ray OB be prolonged below the mirror until it met 
pendicular on the point a, two triangles are formed, ABN 
which are equal, for they have the side BN common te ba 
angles ANB, ABN, cqual to the angles aNB, «BN ; for the a 
and aNB are right angles, and the angles ABN and @BN are) 
angle OBM, From the equality of these triangles, it follows 
‘equal to AN ; that is, that any ray, AB, takes such a direction 
reflected, that its prolongation below the mirror cuts the perpe 
in the point a, which is at the same distance from bate | 


Me at 





A. This applies also to the case of any other ray fram E.| 
for example. From this the important consequence 


from the point A, reflected from the mirror, /ollom, after reflect 
direction as if they had all proceeded from ithe point a, Ti 
ceived, and sees the point A at a, as if it were really situated | 
in plane mirrors she mage of any point te formed bekimd the 
distance equal to that of the given point, abd on the perpendig 
jrom thés point on the mirror, 

It is manifest that the imaye of any object will be obtained }) 
ing according to this rule the image of each of its 
those which are sufficient to determine its form. Fig. 357 ly 
image ad of any object, AB, is formed. 

It follows from this construction that in plane mirvors fe) 
the same size as the object, for if the trapevium ABCD be 
trapezium DCaé, they are seen to coincide, and the object | 
its image, 

A further consequence from the above construction is, th 


>. all 





in reference to the object, and not ins 


“There are two cases relative to the 


d to be produced on the other side of the 
ree ere cae snes ae 
rays proceeded from, 

re Loy ee ep eee 
from the other side of the mirror; this appear- 
image. The images of real objects produced by 


the reflected rays converge, of which we 
{a concave mirrors, the rays coincide at a 
and on the same side as the object. ‘They 
can be received on a 

that read imayes xe 

rays emistonr, and virtual images thove 


Slane mirrora.—Metallic mirrors 
f ‘Spire 7 opetese glass mirrors 
are readily observed when the image 


ely in a looking- 


; gradually decrease 
‘from the looking- 
surfaces. When the 


care ig. 33 
eflected at c, from the layer of metal which covers 

Of the glass, and reaching the eye in the direction dH, 

“This image is distant from the first by double the 

of the glass, It is more intense, because metal reflects better 


‘other images it will be remarked, that whenever light 
jonemedium to another—for instance, from glass toair— 

rat) the remainder are refiected at the sur- 

the two media, Consequently when the pencil ed, re~ 

‘to leave the glass at, most of therays composing 

0 Boerne are reflected at ¢, and continue within the 

agai reflected by the metallic surface, and form a third 

reflection they come to MN, when many emerge 

rd image visible, but some are again reflected within the 

| similar manner give rise to a fourth, fifth, etc. image, 
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thereby completing the series above described, “It i= manifest 
above explanation that each image must be much feebler tha 
preceding it, and consequently not more than a small number + 
“ordinarily not more than eight or ten in all. 

‘Yhis multiplicity of images is objectionable in observations, an 
ingly, metallic mirrors are preferable in optical instruments. 

479. Multiplc images from two plane mirrore.—When | 
fs placed between two plane mirrors, which form an angle+ 
ether, either right or acute, images of the object are formed, th 
‘of which increases with the inclination of the mirrors. If th 
right angles to each other, three images are seen, arranged | 
sented in fig, 359. The rays OC and OD from the point O,afie 
reflection, give the one an image 0’, and the other an Image 0 
ray OA, which has undergone two reflections at A and B, gives 
image, 0", When the angle of the mirrors i 60?, five image 
duced, and seven if it is 45% ‘The number of images contin 
erease in proportion as the angle diminishes, and when it is zer0 

when the mirrors are parallet—t 
of images is theoretically infinit 
multiplicity arises from the fact 
luminous rays undergo an incres) 
ber of reflections from one mie 

other. 
The haletdoscope, invented 
Brewster, depends on this prope 
clined mirrors, Tt consists of 3 
which are three mirrors incline 
one end of the tube is elosed by} 
ground glass, and the other by a 
vided with an aperture. Srnall 
Fle sm pieces of coloured glass are plac 
end between the ground glass and another glass disc, and or 
through the aperture, the other end being held towards the Ligh 
jects and their images are seen arranged in beautiful symmerrig 
‘by turning the tube an endless variety of these shapes is obtaint 
48a. Zrregular reflection, The reflection from the surfaces of 
bodies, the laws of which have just been stated, is called the r 
specular reflection; but the quantity thus reflected is lexs than the 
light. ‘The light incident on an opaque body actually separates! 
parts: one is reflected regularly, another érrgew/ariy, that is, im 
tions; while a third is extinguished, or absorbed by the reflect 
If light falls on a transparent body, « considerable portion is tr 

with regularity, 

‘The irregularly reflected light is called scattered light: Wt tet 
‘makes bodies visible. The light which is reflected regularly doc} 
us the image of the reflecting surface, but that of the bodyfrom) 
light proceeds. Ify for example, a solar beam be incident on a well 
‘mirror in a dark room, the more perfectly the light is reflects 
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parts of the room, The eye does not 
but that of the sun, If the reflecting 
sprinkling om it a tight powder, the 


paper be 
fiquely, an image of the 
feflection, which is not the case if the eye receives less 


reflection varies with different bodies, even when 
of incidence are the same. It also 

which the ray is traversing before 
immersed in water loses a great part 


REFLECTION OF LIGHT PROM CURVEN SURFACES. 
mirrors.—It has been already stated (475) that there 
of curved mirrors ; those most frequently employed are 


those whose curvature is that of a sphere; their 
to be formed by the revolution of an arc, MN 


wer. C, the centre of the hollow sphere, of which the mirror 
Ys called the centre of curvature or geometrical centre: the 
centre of the figure. ‘The infinite right line, AL, which 
Aand C, isthe principal axis of the mirror : any right 
b simply p: the centre C,and not through the point 
ce ye angle MCN, formed by joining the Best 


i 


ne will be considered which le in the 


4 


jon of light from curved mirrors is easily 
reflection from plane mirrors, by consideri 

made up of an infinitude of extremely small 

its elements, ‘The normal to the curved surface 

dicular to the corresponding element, o, 

its corresponding tangent plane, It is shown. 

all the normals pass through the centre of 

that the normal may readily be drawn to any point of a 


ae 






‘6f a epberical concave mirror—In a curved mirror the 
‘a point in which the reflected rays mect or tend to meet if pro- 
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duced either backwards or forwards; there may either be a ret 
a wirtwal focus. 
Real focus —We shail first consider the case in which the 
rays are parallel to the principal axis, which presupposes that the 
nous body is at an infinite distance ; let GD (fig: 360) be such a ee 
From the hypothesis that curved mirrers are composed of a m 
infinitely small plane elements, this tay would be reflected frost 
element corresponding to the point 1, according t0 the lave of the 
tion from plane mirrors (474); that is, that CD being the nesmal at 


Fig. yo. 


point of incidence D, the angle of reflection CDF is equal at the angle: 
incidence GDC, and is in the same plane. It follows from this that 
point F, where the reflected ray cuts the principal axis, divides the x 
of otis AC very nearly into two equal parts. For in the 
DEC, the angle DCF is equal to the angle CDG, for they are 
and opposite angles; likewise the angle CDF is equal to the angle 
from the laws of reflection; therefore the angle FDC is equal t0 te 
FCD, and the sides FC and FD aro equal as being opposite 10 

ingles. Now the smaller the arc, AD, the more nearly dees DF 
AF; and when the are is only a small number of degrees, the right 
AF and FC may be taken as approximately equal, and the point F 
be taken as the middle of AC. So Jong as the aperture of the mirror 
not exceed 8 to 10 degrees, any other ray, HB, will after reflection 
very nearly through the point F, Hence, when « pencil of rays 
ta the axis falls on a concave mirror, the rays intersect after reflection 
the same point, which is at an equal distance from the centre ef curate 
and from the mirror. This point is called the Arincifal fact of Oe 
mirror, and the distance AF is the principal focal distance 

All rays parallel to the axis meet in the point Fy andy ee 
luminous object be placed at F, the rays emitted by this, 
reflection take the directions DG, BH, parallel to the pi 
in this case the angles of incidence and reflection haves 
but these angles always remain equal. ‘ 
The case is now to be considered in whieh the rays are 

luminous point, L (fig. 361), placed on the principal 
distance that they are not parallel, but divergent. Thc angle LKC, whit 
the incident ray LK forms with the normal KC, is smaller than the ant’ 
SKC, which the ray SK parallel to the axis forms with the same 
and, consequently, the angle of reflection corresponding to the ray 
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be smaller than theangle CKF, corresponding to the ray And, 
the ray LK will meet the axis after reflection at a point, 4, be 
‘the centre Cand the principal focus F. So long as the aperture 
mirror does not exceed a small number of degrees, all the rays 
fen the point 1. will intersect after reflection in the point 4 This point 
fealled the conjugate focus, in order to indicate the connection between 
Epoints Land /. These points are reciprocal to each other, that is, if 
@ luminous point were transferred to /, its conjugate focus would be at 
[AK delng the incident and KL the reflected ray. 
(On considering the figure 361 it will be seen that when the object 1. is 
ought near toar removed from the centre C, its conjugate focus ap- 





Fig. yo. 


hes or recedes in a corresponding manner, for the angles of inci- 
and reflection increase or decrease together. 
[Hf the object Le coincide with the centre C, the angle of incidence is 
(i, and as the angle of reflection must be the same, the ray is reflected. 
| itself, and the focus coincides with the object. When the luminous 
ject is Between the centre C and the principal focus, the conjugate 
fis in tiem Is on the other side of the centre, and is further from the 
as the luminous point is nearer the principal focus. If 
‘point coincides with the principal focus, the reflected rays, 
foe paral to the axis, will not meet, and thore is, consequently, no 
US oe - 
\Wirtwal focus—There is, lastly, the case in which the object is placed 
|L, between the principal focus and the mirror (fig. 362). Any ray, 
from the point L, makes with the normal CM an angle of 
fidence, LMC, greater than FMC; the angle of reflection must be 


i 





Fg, ya. Fig 36 


tater than CMS, and therofore the reflected ray ME diverges from tho 
[PAK This ip also the care with all rays from the point Land hence 
3 





E. 








4s On Light. 


these rays do not intersect, and, consequently, form no 

but if they are conceived to be prolonged on he weber alle Cope 

their prolongations will intersect in the same point, f on the 

eye plata eo the same impression as if the rays were emitted. mauled 
pointé, Heace a wrfual foens is formed quite analogous to those for} 

by plane mirrors (477). 

In all these cases it is seen that the position of the principal foru 
constant, while that of the conjugate foci and of the virtual foci ¥ 
The principal and the conjugate jor! are alseays on the sane side of 
mirror as the object, while the virtual focus is atways om the other xis 
the mirror. - 

Hitherto the luminous point has always been supposed to phece: 
the principal axis itself ‘cad then the foots la facial id thin x, 
the case in which the luminous point is situate on & secondary axis, 
(tig. 363), by applying to this axis the same reasoning as im the prece 
case, it will be seen that the focus of the point Lis formed at a pol 
con the secondary axis, and that, according to the distance wf the poin 
the focus may be either principal, conjugate, or 

484, Poet of convex mirrors.—In convex mirrors there Are only vit 
foci. Let SI, TK (fig. 364) be rays parallel to the principal ax 
aconvex mirror, These rays, after reflection, take the diverging d 
tions IM, KH, which, when continued, meet in a point, F, which & 








Fie 


principal virtual focus of the mirror, Ry means of the triangle CK) 
may be shown, in the same manner as with concave 
point F is approximately the middle of the miua sCcomumataal | 

If the incident luminous rays, instead of being parallel te the } 
proceed from # point, L, situated on the axis at a finite distance, it) 
once seen that & virtual focus will be formed betwoen the principal & 

F and the mirror. 

485. Determination of the principal feeus—In the application 
concave and convex mirrors, it is often necessary to eect 
curvature. This is tantamount to finding the principal focus ; fee} 
situated at the middle of the radius, it is simply necessary to double 
focal distance. 


Te find this focus with a,cancave mirror, it is exposed torbesun'| 
so shat its principal axis is parallel to them, and then with 2 small s¢ 


~~ _il 
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. ee point is sought at which the image is formed with the 
fatlReaity: ts the principal focum. The radiea ofthe mirrors 
‘is Fsstance, 


[Etre ten ccpoea an cqeal Sstmnoes Rect centre of the on 
{od on the same principal section (fig. 365). A screcn, MN, in the 
ee of Which is an opening larger than the distance Hi, is placed 
‘che miteor. Cio ape hoor papery ‘St, paraltel tor the axis, 
she mirrer, the ig reflected at H ‘and 1, on the parts where the 
ee ees nee oe ee acres ‘two brilliant images at 4 
4 By moving the screen MN nearer to or farther from the mirror, a 








Mig abs 


fn is found at which the distance // is double that of HI. ‘The dis- 
‘AD fram the screen to the mirror then equals the principal focal 
lee For the arc HAI does not sensibly differ from its chord, and 


se the triangles FHI and Fi are similar, ie ae but HI is half 


=. FA Is the halfof FD, and therefore AD is equal 
5 “A is the BGacipal focal distance ; for the rays SH and 
& the axis + consequently also twice the distance ALY 


tthe Set eatenre ‘of the mirror. 

| Rormation of fmages in concave mirrore.—Hitherto it has been 
eed that the luminous or illuminated object placed in front of the 
F was simply @ point ; but if this object has a certain magnitude, we 
onceive a secondary axis drawn through each of its points, and 
(series of real or virtual foci could be determined, the collection of 
| eemposes the image of the object. By the aid of the construc- 

hich have served for determining the foci, we shall investigate 
jeitlon and magnitude of these images in concave and in convex 


= 
Wmage—We shall first take the case in which the mirror is con- 
land the object AB (fig. 366) is on the other side of the centre. To 
| the finage or the focus of any point, A, a secondary axis, AE, is 
[feom this point, and then drawing from the point A an incident 
|, the normal to this point, CD, is taken, and the angle of reflec 
[Dasa made equal. to the. angle of incidence ADC. The point a, 
J emer AE, is the conjugate focus 
bpoint A, because every other ray draws from this point passes 
fe with @, Similarly if a aenaere axis, BI, be drawn from the 
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raat been stated, itis seen that according to the distance of 
concave: produce two kinds of images, or none at all; 
notices this by placing himself before a concave mirror. At a 


Fis. 6 
ft distance he sees an image of himself inverted and smaller; this 
ireal image { at a less distance the image becomes confused, and 
bears when he is at the focus; still nearer the image appears ercct, 


rger—it is then a virtual image, 
| Pormation of images in convex mirrors. 









t AB (fig. 369) 
‘object placed before a thirror at any given distance, AC and BC 
feondary axes, and it follows from what has been alrcady stated, 
(Hl the rays from A are divergent after reflection, and that their 








Phe ap 
(gations pass through a point, a, which is the virtual image of the 


‘A. Similarly the rays from B form a yittual image of it in the 
& Theeye which receives the divergent rays DEE, KA, . « . secsin 
image of AB. Hence, whatever the position of an object before a 
& mirror, the image is always virtual, erect, and smaller than the 


| Formate: for spherical mirrors—The relation between the 
be of an object and that of ics image in spberical mirrors may be 





Fig sna 


(sed by a very simple formula. In the case of concave mirrors, let 
ius of curvature, p the distance LA of the object, L (fig. 370), 


[ 
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and A" the distance 4A of the image from the 
Peete NORD C Civikies Reeatg EA 
from geometry it follows that the two segments: 


‘other as the two sides containing the angle ; | 
Cle LM <CL x /M, = 
Ifthe arc AM does not exceed 5 or 6 degrees, the Hes MIL. 
irs approsimaselg jail te AIT aat ey that és, tof and f’, 
Further, ClaCA-AlaR-f, 
and also CL@AL-AC @p-R. 
‘These values substituted in the Preceding equations give 
ett ie ra Feld 
Rp. 


From which transposing and reducing we as 
Ro+Re a2 we 
Ifthe terms of this equation be all divided ly Ap'R, we olsain 














Lips Lp 
7 ee eee 
which is the usual form of the equation. 
From the equation (1) we get 






which gives the distance of the image from the mirror, in terms of | 
distance of the object, and of the redhas OCC 

489. Discussion of the formate for ee shall sow 
vestigate the different values of ’, according to the values of # int 
formula (3). 
i. Let the object be placed at an infinite distance on. ea ai 
case the incident rays are parallel. To obtain the value of #7, | 
of the fraction (3) must be divided by p, wae ee 













asf is infinite, ® is zero, and we have p= + that is, the 
formed in the principal focus, as ought to ie the case, for the 
rays are parallel to the axis: 

ii, If the object approaches nearer the mirror, 
denominator of the formula (4) diminishes, ae 
sequently the image Li the centre: 
but it is always between the principal ioc and the 


pis >R, wehaye > and <R. 






a betwoca the ‘contré ah the prineipal 
from the formula (ay f° that is, the image is 
afthe centre. When the abject is in the focus, 


thich gives #8 =o ; that is, the image is at an infinite dis- 


€ the reflected rays are parallel to the axis. 
te Hf the object is between the principal focus and the mirror, 


KE; (is then negative, because the denominator of the for- 


(is negative. Therefore, the distance #’ of the mirror from the 
fst be calculated on the axis in a direction opposite to ~. The 
then virtual, and is on the other side of the mirror. 


@ PH pegative in the formula (2), it becomes 4-1-3; in this 
F a 





‘the same sign, since the image and the centré are on the same 
he mirror, while the object bing on the opposite side, p is of the 
{sign ; sna i 


; Pek: = & Aa 
for convex mirrors. It may also be found directly by the 
i seeerstnns 48 those which have led to the formula 












-pbrabhay that the preceding formule are not rigorously true, 
h as they depend upon the hypothesis that the lines LM and /M 

‘equal to LA and Ad; although this is not truc, the error 
withost limit with the angle MCA ; and when this angle does 
|a few degrees, the error is so small that it may, in practice, be 


of the magnitude of tmages—By means of the 
‘the magnitude of an image may be calculated, when the 


Fie arn 


its magnitude, and the radius of the mirror are 


| Par if BD be the object (fig. 371), dd its image, and if the distance 












i 
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/Aand the radius AC be known, Ao can be calculated by meant 
mola (3) of article 488. Ao known, eC can be calewlared. But as 
angles BCD and ¢Cé are similar, their bases and heights are in the} 
portion dt BD =Co : CK, or 


Length of the image + length of the object 
= distance from image to centre : distance from the object to cx 
49%. Spherical aberration, Causties.—In the fovgeiss 
the foci and images of spherical mirrors, it has 
that the reflected rays only pass through a single point we: 
‘of the mirror does not exceed 8 or to degrees (483). With aap 
ture, the rays reflected near the edges meet the axis nearer the m 
than those that are reflected at a small distance from the nel r 
‘ef the centre of the mirror, Hence arises a want of Ray % 
images, which is called spherical aberration by d 
it from the spherical aberration by refraction, which occurs ‘a the « 
lenses. 
Every reflected ray cuts the one next to it (fig. 372), and their 
intersection form in space a curved surface, which is c 


Fig. re 


reflection. The curve FM represents one of the branches of a sect} 
this surface made by the plane of the paper. When the'light of a cat 
is reflected from the inside of a cup or tumbler, a section of the 6 
surface can be seen by partly filling the cup or tumbler with rail 
492. Applications of mirrore.—The applications of plane 
domestic economy are well known. Mirrors are also frenquanttt 
physical apparatus for sending light in a certain ae 
light can only be sent ina constant direction by making: 
able. It must have a motion which compensates for eee 
in the direction of the sun's rays produced by the apparent diurnal) 
of the sun, This result is obtained by means of # cloekwWork 
which the mirror is fixed, and whieh causes It to follow the coarse 
sun, This apparatus is called the Aellostate. ‘The reflection of 
also used to measure the angles of crystals by means off the inst 
known as reflecting: gontometers. ’ 
Concave spherical mirrors are also often used, re apptied 

ing merrors, a8 in a shaving mirror. They tate hee c 

ing mirrors, and are still used Tn telescopes. ‘They also serve 
reflectors, for conveying light to great distances, by placing a 
‘object in their principal focus. For this purpose, however, 
‘mirrors are preferable, 
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‘Paredette intrrore,—Paratolic mirrers are concave mirrors, 


is generated 
axis, AX (fig. 373) 


by the revolution of the arc of a parabola, AM, 


been already stated that in spherical mirrors the rays paralle] to 
sconvergeonlyapproximately to the principal focus, and reciprocally 


source of light is placed in 
efpal focus af these mirrors, 


= free from this defect ; 
he more difficult to construct, 
far better for reflectors, It 
property of a para- 
the right line FM, drawn 
focus F, to any point, M, 
and the line ML, pa- 

the axis AF, make equal . 
with the tangent TT” at this 


Fig wh 


‘Consequently, all rays parallel to the axis after reflection meet in 
tus of the mirror F, and, conversely, wher, « source of light is 


ie the focus, the rays incident on the 
are reflected exactly parallel to the 
The tight thus reflected tends to main- 
intersity even at a great distance, for 
bees seen (472) that it is the diver- 
if the Laminous rays which principally 
(8 the intensity of light. 

from this property that parabolic 
(are used in carriage lamps, and in 
fps placed in front of and behind 
| mains. These reflectors were for- 
sed for lighthouses, but have been 
d by lenticular glasses. 

ff two equal parabolic mirrors are cut 
tee perpendicular to the axis passing 
{ the focus, and are then united at 
itersections, as shown in the figure 
that their foc coincide, a system of 


Fig. we 


3 is obtained with which a single lamp illuminates in two direc- 
‘once. This asrangement is used in lighting staircases. 
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CHAPTER 111, 
SINGLE REFRACTION, LENSES, 


494 Phenomenon of refraction. fcfriction is the deflect 
vs 


the incident ray is perpendicular ¢o the surface separating the t 
it is not deflected, and continues its course in 2 right Hine, 
‘The incident ray being represented by SO (fig. eoharey 

is the direction OH which light takes in "hada 
angles SOA and ioe vole the cease 
with the line AB, at right angles to th 
which separates ‘the two media, the fi 
angle of incidence, and the other the 
rofriction, According as the refracte: 
proaches or deviates from the normal, th 
medium is said to be more or a 
refracting than the first. 

Ve All the light which falls on arefractie 
does not completely passinto it; one part is reflected and scattet 
another penetrates into the medium... 

Analysis shows that the direction of refraction depends on thi 
velocity of light in the two media. On the undulatory 
highly refracting medium is thar in which the velocity of props 
least. 


Inuncrystallised media, such as aie, liquids, ordi gas fhe) 
‘singly refracted ; but in certain crystallised 
spar, selenite, etc, the Incident ray gives rive to two porches 
latter phenomenon is called double refraction, and will be 
another part of the book We shall here deal exclusively 
refraction, 


405. Laws of single refraction,-When a luminous ray is) 
passing from one medium into another of a different refractive 
following laws prevail — 

Whatever the obliquity of the incident ray, the ratio 
of the incident angle bears to the sine of the angle of refraction: 
Sor the same two media, but varies with different media, 

IL, The tucident and the refracted vay are tu the same plant| 
perpendicular to the surface separating the two media. 

Theso are known as Descarter’ Jaws, and are demonst 
sane apparatus as that used for the laws of reflection (450) 
mirror in the centre of the graduated circle is replaced by a 
drical glass vessel, filled with water to such a height that 
exactly the height of the centre (fig, 376), If the mirror, My 
inclined that a reflected ray, MO, is directed towards the 
refracted on passing into the water, but it passes out without 


- 4d 














Vig. 376. 
‘the arrangement of the apparatus, for the 
is perpendicular to the surface of the liquid 


‘The ratio between the sines of the in- 


inverse order—that Is, if light passes 
‘it follows the same course, but in 

om, the incident and OM the refracted 
the index of refraction is reversed ; ftom water to 


In consequence of refraction, 
than air appear 
if to be more distant if 
(fig. 377) be an object im- 
thence into air, the rays LA, LB 
al to the point of incidence, and assume the 
longations of which en approximately 
v 


object appears. 
same reason that a stick plunged obliquely into water 
578), the immersed part appearing raised. 
of stars ure visible to us even when they 
horizon. For as the Jayers of the atmosphere are denser 





Mi 
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in proportion as they are nearer the earth, and as tho refractive, 
2 yas increases with its density (503), it follows thas on 


Ye 7 Fig. az 





Pe are 






atmosphere the luminous rtys become bent, as seen in the fg. 
describing a carve before reaching the eye, so that we see the star al 
along the tangent of this curve instead of at S. In our climate 
atmospheric refraction docs not raise the stars when on the horizon 
than half a degree. 

498 Total reflection. Critical angte.— When a luminous 
passes from one medium into another which is less refrneting, as 
water into air, it has been seen that the angle of incidence is ess 
the angle of refraction. Hence, when light is propagated ima 
water from S to O (fig. 380), there is always a value of the angle of 
dence SOB, such that the angle of refraction, AOR, is a right 
which case the refracted ray emenges parallel to the surface of the 

This angle, SOB, is called the critica! amgle, since for any 
angle, POB, the incident ray cannot emerge, but undergoes an 
reflection, which is called ofa/ reflection, because the imeident 
entirely reflected. From water to air the critical angle is 48° 35') 
glass to air, 44° 48 
‘The occurrence of this internal reflection may be observed 
following experiment. An object, A, is placed before a glass weseel 
with water (fig. 381); the surface of the liquid is then Seoked 















Fig sto Fig sh. 


shown in the figure, and an image of the object A is seen ata 
by the rays reflected at m, in the ordinary manner of (mirrors 


uh 


ul 
7 


Hig ate 


of a tranquil lake, on which are reflected trees 

i ‘The n has long been known, 
d Napoleon's expedition to Egypt, was the 
it. 


refraction, which results from the unequal 
rs of the air when they are expanded by 
‘The least dense layers are then the lowest, 


he eri ‘beyond which internal reflec- 
n (49 @ ray then rises, a8 seen in the 
ries of wuecessive refractions, but in a direction 
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TRANSMISSION OF LIGHT THROUGH TRANSPARENT MEDIA, | 


500 Media with paraliel faces.—When light traverses a mo 
with parallel faces the emeryent rays are parallel to the incident x9) 
Let MN (fig, 383) be a glass plate with parallel faces, let SA Dt 
incident and DB the emergent ray, # and r the anglos of éncidence 
‘of refraction at the entrance of the 

and, lastly, # and» the same ang) 

its emergence. At A the light unde 

@ first refraction, the index of wh) 


sin! (476), At D it is refracted a@ 


sin 
ond sing 
time, and the indéx is then £7, 
we have seen that the incdex of refs 

‘of glass to air is the reckprocal of | 

fraction from air to glass; hence 

sin? _ sine 
sin Sint” 
But as the two normals AG and DE are parallel, the angles ¢ and 
equal, as being alternate interior angles. As the numeraters ip the! 
equation are equal, the denominators must be also equal; the ang 
and / are therefore equal, and hence DB is parallel to SA. 

501. Prism.—In optics a Prism is any transparent medium comp 
between two plane faces inclined to each other, ‘The intersect) 
these two faces is the adye of the prism, and their inclination | 
refracting angle, ‘Every scetion perpendicular to the edige is eal 
principal section, 

The prisms used for experiments are generally right triangular pt 
of glass, as shown in the fig. 384, and their principal section is aim 
fig. 335). In this section the point A Ss called the swanaaf of the ® 
id the right line BC is called the dase; these expressions have rele 
to the triangle ABC, and not to the prism, 





Fig. Ay 














Fig. 384 Fig. ss 

502. Path of rays in prams. Angie of ceviation—When the 
of refraction are known, the passage of rays in a prigm is seadilyd 
mined. Let O be a luminous point (6g. 385) in the same plane 
principal section ABC of a prism, and Jet OD be an incident ray. 
tay is refracted at D, and approaches the normal, because it fesse 
‘a more highly refracting medium, At K it experiences # second m0 







430 


emergent 
deviation of light caused by the prism, and is called 


pesessee sem sirough = psn. sppeae Jn all the cols 
this phenomenon will be described under the name af 


‘angle increases with the refractive index of the material of the 
and also with its refracting angle. It also varies with the angle 


ich is determined by calculation, know. 
;,and the refracting angle of the 


increases with the refractive index may be 
fies ‘This name is given to a prism 
prisms of age antir connected at their bases 

€ prisms are mace of substances unequally refringent, 

t ‘rock |, or crown glass, If any object—a line, 

combe looked at through the polypriam, its different parts arc 
rok edid pane pce s that seen through the 
ss, | index of which Is greatest; then the rock 


's0 on in the order of the decreasing refractive indices. 
| with wariable angle is used for showing that the angle of 


y increases with th 


ie refracting angle of the prism. It consists 
BC and C, fixed on a support, Between these 
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arc Iwo glass plates moving, on a hinge, with some friction agai) 
plates, so as to close it. When water Is poured Into the vei 
angle may be varied at will. If a ray of light, S, be allowed to & 
‘one of thom, by inclining the other more, the angle of the pi 
¢reasca, and the deviation of the ray is scen to increase. 

505. Application of right-angied prisms in refiectors.— 
whose principal section is an isosceles right-angied triangle af 
important application of total reflection (498). or let ABC [8 

‘be the principal section of such a 

© a luminous point, and OH a 

right angles wo the face BC T 

enters the glass without being #4 

and makes with the face AB a9 

equal to B, thatis to.45 degrees, an) 

fore greater than the limiting a 

glass, which is 41° 48’ (498), 7 

Fig. 988. OH undergoes therefore at H te 

flection, which imparts to it a direction HHI perpendicular to the 

face AC. ‘Thus the hypothenuse surface of this produces the ¢ 

the most perfect plane mirror, and an eye placed at J sees at 

image of the point O, ‘This property of right-angled prisms is fre 
used in optical instruments, 

504. Conditions of emergence im prisms—ln order th 
Juminous rays refracted at the first face of a prism may emerge ft 
second, it is necessary that the refractive angle of the prism be be 
twice the critical angle of the substance of which the prism ig con 
For if LI (fig. 389) be the ray Incident on the first face, 1E the re 
ray, PT and PE the normals, the ray TE can only emerge & 
second face when the incident angle [EP is less than the exitica 
(498). But as the incident angle LIN increases, the angle El 
increases, while LEP diminishes, Hence, according as the direc 
the ray LI tends to become parallel with the face AB, does this n 
to emerge at the second face. 

Let LI be now parallel to AB, the angle ris then aay 
angle ¢ of the prism, because it has its maximum 
the angle EPK, the ae 
of the triangle TPE, is 
r+; but the gles EPR, 
are equal, becasse their sid 
perpendicular, and therefor, 
+i; therefore also Awte? 
this ‘case r= J, Hence, if 
or is >2/, we shall have? 
>i, and therefore the nay 
not emerge at the second 
would undergo internal rel 
and would emerge at a thi 

Loe haw BC. This would be mach 
the case with rays whose incident angie is less than BIN, bec! 
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ane increases, Thus, in the case in 
angle of a prism ia equal to 2/or is greater, no 
pass through the faces of the refracting angle, 
angle of glass is 41°48’, twice this angle is leas than 
Becere jects cannot be seen through a glass prism whose 
ing angle easy le. Asthe critical angle of water is 48° 35 
w rectangular prism formed of three ed 
find fed with water, 5 
E suppose A to be greater than 7 and less than 2/, then of rays in- 
At I some within the angle N1B will emerge from AC, others will 
mee, nor will any emerge that are incident within the angle NIA. 
bppose A to have any magnitude Jess than /, all rays incident at I 
the angle NEB will emerge from AC, as also will some of those 
(t within the angie NIA. 
(Misimum deviatien,—When a pencil of solar light passes 
h an aperture, A, in the side of a dark chamber (fig. 390), the 
im a straight line, AC, on a distant screen, But if 
tat prism be interposed between the aperture and the screen, the 
is deviated towards the base of the prism, and the image is pro- 
ft D, at some distance from the point C. If the prism be turned, 
the incident angle decreases, the luminous disc approaches the 
[Mp to certain position, F, from which it reverts to its original 
Reven when the prism is rotated in the same direction, Hence 
f@ deviation, EBC, less than any other, It may be demonstrated 
hatically that this wiudmum deviation takes place when the angles 
fence and of emergence are equal. 
Bangle of minimum deviation may be calewlated when the incident 





Fig oe 


fd the refracting angle of the prism are known. For, when the 
ft Oe feast, as the angle of emergence ris equal to the incident 
(Gig. 389), 7 must = * But it has been shown above (504) that 
Ff; consequently, 


" 


Aew. ue ro) 
wv 


= 
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Ifthe minimum angle of deviation EDL be 
‘exterior to the triangle DIE, we readily obtain the equation 


dat-rep—taai-2y, 
whence dadmAy. oo ee 


which gives the angle d, when and A are known. 
From the formule (r) and (2) a third vay bs Sis e : 

to calculate the index of refraction of a prism, when its retracting: 

and the minimum deviation are known. The index of refraction ® 

ratio of the sines of the angles of incidence and refraction; | 

= see 4; replacing / and r from their values in the above 

and (2), we get 












506, Measurement of the index of refraction tm 
means of the preceding formala (3) the refractive index of & 
be calculated when the angles A and @ are known 

In erder to determine the angle A, the substance is Cut in the ie 
a triangular prism, and the angle measured by means of & 
(492). 

‘The angle ¢ is measured in the following mann ray, LI, 
from a distant object (fig. 391), is received on the prism, vi ‘ 
in order to obtain the minimum deviation EDL! By means of 
scope with a graduated circle, the angle EDL! is read off, whi 
refracted my DE makes with the ray DL’, coming directly 


Pg ao 


object ; now this is the angle of minimum deviation, assuming: 
object is so distant that the two rays Lf and LD are aj 
parallel. These values then only need to be substituted in 
(3) to give the value of nm. 

This method is due to Newton. Under any circumstix 
be employed; for instance, when the refractive index of a mere 
fluid 1s required, In this case, use may be made of a d 
Wollaston, which depends on the determination of the eritical 
the substance, 
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‘Measurement of the index of refraction of Maquids—M. Biot 
Newton's method to determining the refractive index of 
For this purposea cylindrical cavity 

bout o-7§ in. in diameter, is perforated 
cdl PQ. (fig. 392), from the i 
the face of emergence, This 
. Seat, by two plates of glass which 
mented on the sides of this pristn, 
{are introduced through a small 
ed aperture, B, The refracting angle 
f minimum deviation of the liquid 

in the cavity O having been deter- Figs 390 
thelr values are introduced into the formula (3), which gives the 





Measurement of the index of rofraction of gases. A 
for this purpose founded on that of Newton has been devised-by 
fotand Arago. ‘The apparatus which they use consists of a glass 
§ 393), bevelled at its two ends, and closed by glass plates, which 
fan angle of 143% ‘This tube Is connected with x bell-jar, H, 
h there is a siphon barometer, and with a stopcock by means of 
the apparatus can be exhausted, 
ferent gases introduced. After = 
exhausted the tube AB, a ray of fy 
iA, is uansmitted, which is bent | 
om the normal through an angle { 
the first incidence, and towards | 
igh an angle 7—r’ at the second. 
two deviations being added, the 
tveation fis r-f4i—r, In iP yl 
© af a minimum deviation, f= 7” 

@mA~-24, since ri? | 
othe ‘The index from vacuum to | 


his evidently © = Mp lias therefore | 





@) 





my 


in order to deduce the refrac- 


ie ‘acaum into air, which is ot 
principal index, it is simply necessary to know the 
ig angle A, and the angle of minimum deviation a. 


in the absolute index of any other gas, after having produced a 

fis gas & introduced ; the angles A and @ having been mea 

fae formula gives the index of refraction from gas to air, 

f {the j index of refraction from: vacuum to air by the index of re= 
oa 
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fraction from the gas to air, we obtain the index of refraction from v. 
to the gas, that is, its absolute index. 

By means of this apparatus Biot and Arago have found thatthe: 
tive indices of gases are very small as compared with those of solit 
liquids, and that for the same gas the refractive power is proportic 
the density ; meaning by the refractive action of a substance the : 
of its refractive index less unity ; that is, x*-1. ‘The refractive 
divided by the density, or 





a 
a 
is called the absolute refractive power. 
Table of the absolute indices of refraction. 
Diamond =. « 24710275 Plate glans St. Gobin . a 


Phosphorus 2224 Crown glass. 
Sulphur... 215) Turpentine. | 
Ruby. : 1779 Alcohol =... 
Bisulphide of carbon | 14/8 Albumen é 


Iceland spar, ordinary ray 1°654 Ether . 





Iceland spar, extraordinary Crystalline lens. 

ray ~ + «+  « 1483 Vitreous, 

Flintglass . =. =. 1575 Aqueous, 

Rock salt. . . . 550 Water « % 

» crystal... 1548 dee we 
Refractive indices of gases. 

Vacuum... 000000 Carbonicacid. =. 10 

Hydrogen . . —. 1100138 Hydrochloric acid | 10 

Oxygen... .-1'000272-Nitrous oxide... 10 

ir... «1000294 Sulphurous acid... 10 

Nitrogen . . —. 1000300 Olefiant gas... sro 

Ammonia. + 11000385 Chlorine. . . «10 


LENSES. THEIR EFFECTS. 


509. Different kinds of lenses.— Lenses are transparent media, * 
from the curvature of their surfaces, have the property of causin 
luminous rays which traverse them either to converge or to dit 
According to their curvature they are cither spherical, cylindrical, 0 
cal, or parabolic. "Those used in optics are always spherical. The 
commonly made either of crown glass, which is free from lead, 
“int glass, which contains lead, and is more refractive than ( 
glass. 

‘The combination of spherical surfaces, either with each other ot 
plane surfaces, gives rise to six kinds of lenses, sections of whic 
represented in fig. 394 ; four are formed by two spherical surface: 
two by a plane and a spherical surface. 











Bisa, 


forties as pc Me nd adi 
the diverging menticns. 


/ Pie me 


© first three, which are thicker at the centre than at the borders, aro 
pee '; the others, which are thinner in the centre, are divergrny, 
first group, the double convex lens only need be considered, and 
} second the double concave, as the properties af each of these lenses 
+o all those of the same group. 

lenses whose two surfaces are spherical, the centres for these surfaces 
led centres of curvature, and the right line which passes through 
“two centres is the prénctfal aris. In a plano-concave or plano- 
the axis 1s the perpendicular let fall from the centre 

se on the plane face, 
path of a luminous ray in a lens with that in 
‘is made as for curved mirrors (483), that is, 
Jenses are to be formed of an infinity of 
‘elements ; normal at any point is thea the 
‘of the corresponding clement. It is a geo- 


0 
ca eee all the normals to the same spherical surface pass 
centre, On the above hypothesis we can always conceive two 
| to 






‘at the points of incidence and convergence, which are ins 
cach fe so ‘and thus produce the effect of a prism. Pursuing 
Comparison, the three lenses A, B,and C may be compared to & 
sore prisms having their summits outwards, and the lenses D, 
F to a series having their summits inwards ; from this we see 
se first ought to condense the rays, and the latter to disperse them, 
aloes ‘seen that when a luminous ray traverses @ prisin it 

is the base (502). 
. Foot in double convex tenses, —The focus of a lens is the point 
the refracted rele their prolongations, meet. Double convex 
Welea of foci as concave mirrors ; that is, real foci 


i Pie ‘shall first consider the case in which the luminous rays 
on the Jens are parallel to its principal axis, as shown in the 
‘To this case, any incident ray, LB, in approaching the normal 

LA collet #, and in diverging from it at the point of emer- 

,is twice refracted towards the axis, which it cuts at F. As all 
Bs to the axis are refracted in the same manner, it can be shown 
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by calculation that they all pass very neatty’ 

as the arc DE does not exceed 10° to 12! 

priacipel foews, and the distance FA is the principal, 

‘constant in the same lens, bat varies with the endii of curvature and 
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index of refraction. In ordinary lenses, which are of crown glass, 23) 
which the radii of the two surfaces are nearly equal, the principal 5) 
coincides very closely with the centre of curvatur. 

We shall now consider the case in which the hinsinous object is ett 
the principal focus, but so near thar all incident rays form & diver 
pencil, as shown in fig. 396. The luminous point being at L, by compat 





Vig. 8. 


the path of a diverging ray, LB, with that of a ray, SE, parallel 
axis, the former is found to make with the normal an angle, LBm 
than the angle SBr; consequently, after traversing-the lens, the 
he axis at a point, 4, which is more distant than the ci 
As all rays from the point L intersect approximately ty 
this latter is the conjugate focus of the point Ley thi 
mearing here as in the cases of mirror, and 
existing between the two points Land 4 which isof 
the luminous point is moved to é, the focus passes to Ei ‘| 

‘According as the object comes near the lenses, the <OnReRReRE® Ol] 
emergent rays decreases, and the focus (becomes more distant; whet! 
object L coincides with the principal focus, the emergent rayon theet 
side are parallel to the axis, and there is no focus, or, what i thes 
thing, it is infinitely distant. As the refracted rays are parallel ia) 
case, the intensity of light only decreascs slowly, and a simple lamp 
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fenimtte great distances, Jt is merely necessary to place it in the focus 
b double concave lens, as shown in fig. 397. 





Fig. 7 





tual foci. A double convex lens has a virtual focus when the 
linows object is placed between the Jens and the principal focus, as 
wen In fig. 398. [In this case the incident rays make with the normal 








Fig. 398. 


Mer angles than those made by the rays FI from the principal focus ; 
ce, when the former rays emerge, they move farther from the axis 
fa the latter, and form a diverging pencil, HK, GM. These rays 
hot produce @ real focus, but their prolongations intersect in some 
#00 the axis and this point is the virtual focus of the point L 
ae 

TL. Weet Im double concave tenses.—[n double concave lenses there 
bei sirts oc, whatever the distance,of the object. Let SI be any 
Gil of rays parallel to the axis (fig, 399) any ray, $1, is refracted at the 
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{eof incidence 1, and approaches the normal Ct. Atthe point of emer- 
te it is refracted, but diverges from the normal GC’, so that it is twice 
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refracted in a direction wl ‘moves it from the axis CC. As 
thing takes place for every other ray, SK MN, it follows that the rays; 
traversing the lens, form a diverging pencil, GH,MN. Hence there is 
real focus, but the prolongations of these rays cut ane another in a 
F, which is the principal virtual focus. 
In the case in which the rays proceed from a point, I. Lf. son) 
's found by the same construction that a virtual focus is: 


2 Expertme: 
‘Tedetermine the Principal focus of a double conver lens, it may be 
to the sun's rays so that they are parallel to its axis. The 
cll being received on a ground glass screen, the paint ta which the: 
converge is readily seen ; it is the principal focus 
‘With a double concave Iens, the face ad (6g. 40!) is covered with 


Figs 


que substance, such as lampblack, two small apertures, # and 4, 

fi the same principal section, and at an equal distance from the 
a pencil of solar light 19 then received on the other face, and the 
which receives the emergent rays, is moved nearer to or farther 
fens, untit A and B, the spots of light from the small ay 
are distant from each other by twice af, ‘The distance DI is then 
to the focal distance FD, because the triangles Favard FAB are 

$f, Optionl centre, secondary axts—-|n cvery lens there isa 
called the eptrcal centre, which is situated on the axis, and-whielt! 
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property that any luminous ray passing through it experiences no 
deviation ; that is, that the emergent ray is parallel to the incident 
‘The existence of this point may be demonstrated inthe i 

Let two parallel radii of curvature, CA and C’A’ (fig. goa) Be arava 





res are unequal, the triangles COA and 
er CO or CO may be found, aid therefore also 


ed which rays experience in traversing a medium with parallel faces 


hdd bala make a small angle with the prin- 
,all that has hitherto been said about the principal ax 
at is, that rays emitted from a point, P (fg. 403), on 
PP, pena converre to a certain point of this axis, 1’, 


of ‘points, as was a case with mirrors 


}) be placed beyond the principal focus. 
d from the outside point A, any ray, AC, 
refracted at C and D, and both times in the 
the secondary axis, which it cuts at a. From 
‘last paragraph, the other rays from the point A 
‘4, which is accordingly the conjugate focus of 
axis be drawn from the point B, it will be 
tthe rays from this point intersect in the point J, 
‘A and B have their foci between aand J, read 








ws 


‘There is, therefore, an imageof ABata’. Thisis a virtual image, 
rich, and larger tan the object. 

power is greater in proportion as the lens is more con~ 

aegece the princ| focus, We shall presently show 

may be calculated by means of the formula 

uble convex lenses, used in this mafiner as 


d simple microscopes. 
io doudle concave lensos.—Double con- 
only give virtual images, whatever the 


-an object placed in front of such a lens. if the 
wn from the 


supposes 
the point where their _pro- 
tions cut the secondary axis 
Din the point 2. In like manner, 
& secondary axis from 
paint B, the rays from this 
form a pencil of divergent rays, the directions of which, prolonged, 
ctin A. Hence the eye sees at ada virtual image of AB, which 
erect, ard smaller than the object. 
Mpherical aberration. Caustios.—In the theary af the foci, and 
images formed by different kinds of spherical lenses, it has been 
) assumed, that the rays emitted from a single point intersect also 
sG in A single point. This is virtually the case with a lens 
is, the angle obtained by joining the edges to the 
‘Not exceed 10° or 12°, 


i to @ point nearer the lens than the rays which pass near 
shon, thus produced is named spherical aberration 
walogous to the spherical aberration produced by re- 
surfaces formed by the intersection of the refracted 
by refraction, 
on is prejudicial to the sharpness and definition of an 
glass screen he placed exactly in the focus of a lens, 
of an ee will be sharply defined in the centre, but indistinct 
c ‘vice versd, if the image is sharp at the edges, it will be 
ct io the centre. This defect is very objectionable, more especially 
‘wsed for photography. It is partially obviated by placing before 
c aay Provided with a central aperture, which admits the 
; ding Bear the centre, but cuts off those which pags near the edges, 
po by ep eoebining two lenses of suitable curvature, the spherical aberra- 
be destroyed. 
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and are therefore virtually equa!. Hence the above equation be- 





@) 


is the formula for double convex lenses ; if f be = oc, we have 
ryt 
@-0 (Rte) “y 
ng the principal focal distance. If this be represented by ff we get 
rytyor 
(n-1) (ete) en) 
thich the value of fis easily deduced. Considered in reterence to 
‘a (4), the formula (3) assumes the form 
pip (5) 
PSP me ae 
is that in which it is usually employed. When the image is virtual, 
wee. itg sign, and formula (5) takes the form 
De ae ge SO 
pe TF 
ncave lenses, #’ and /retain the same sign, but that of # 
armula (5) becomes then 
Ff 
Beit ? “s° =p ie . . . . 7”) 
F may be obtained by the same reasonings as the other. 
‘escope.—As an application of lenses may be adduced the 
shich is an instrument recently invented to facilitate the 
f the larynx and the other cavities of the mouth, It con- 





Fig. 408. 
of a plane convex lens L, and a corcave reflector M, both fixed to a 
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is they pooens dierent refractive indices, ‘The elongated shape ial 
| 






spectrum would be sufficient to prove the unequal refrangibilty, 
simple colours, for it is clear that the violet, which ig most defeciel 
towards the base of the prism, is also most refrangible, aid thit mt 
which is least deflected is Icast refrangible. But the enequal retange 
bility of simple colours may be shown by numerous experiments, of which 
the two following may be adduced > x 

i. ‘Two narrow strips of coloured paper, one red and the other violet, 
are fastened close to cach other on a sheet of black paper, On leoking 
at them through a prism, they are seen to be unequally displaced, the rel 
band to a less extent than the violet; hence the red rays are less relrene 
gible than the violet. 

il. The same conclusion may be drawn from Newton's experimeit 
crossed prisms. Ona prism, A (fig. 411), in a horizontal positaty 














Me an 


a pencil of white light, S, is received, which, if it had 
the prism A, would form the spectrum rv, on a distant 
second prism. B, be placed in a vertical position belind 
a manner that the refracted pencil passes through it, the 

becomes deflected towards the base of the vertical prisin = 

being deflected in a direction paralle! to itself, as would be 

colours of the spectrum were equally refracted, it is obliquely, 

the direction proving that from red to violet the colours ame 
and more refrangible. 
These different experiments show that the refractive frdex diste 
different colours; even rays which are to perception up 

have not the same refractive index, In the red band, for imstancs, 
rays at the extremity of the spectrum are less refracted than those sie 
are nearer the orange zone, In calculating indices of refraction (ikl 
is usual totake as the indexof any particular substance the ref 

of the yellow ray in a prism formed of that substance. 

521. Recomposttion of white light—Not merely can whitelight © 














f 








a ans 
wm be allowed to fall upon a 


Tie we 
& concave mirror, a white image 


Placed in its focus (fig. 414). 





Fig ots 


d by means of a pretty experiment, which 
colours of the spectrum on seven small 
%, and which can be so inclined in all 
‘be transmitted in any given direc- 

rs are suitably arranged, the seven 








on of the various colours of the spectrum is tova very 

Jor in strict accuracy, the spectrum is made up of 

Bate suinber of simple colours, which pass into one another by 
= gradations of colour and refrangibility. 

oc ‘natural colour of bodies results from the 


‘the coloured rays contained in white light, one portion is 
the surface of the body, If the unabsorbed portion traverses 


there are infinite tints cones the greater or less 
bodies reflect or transmit some colours and absorb 
yellow, because it absorbs all colours with 
Ta like manner, a solution of ammoniacal oxide of 
absorbs preferably the red and yellow niys, transmits the blue 
almost completely, the green and violet less so, hence the light seen 
gh it is bluc. 

‘bodies have no colour ef their own; with the nature of the 
colour of the body changes.. ‘Thus, if in a dark room, 
. illuminated by each of the tte: of the 

m, it has no special colour but appears 


colour; but black if it does absorb it. In the light of a 

in which some common salt is dissolved, everything 

mv scems bright, while the most of the other colours arc 

the light of lamps and of candles, which from the want of blue 

 ayegeed and white appear the same, and blue seems 

bright twilight or in moonshine, the light of gas has a 

3 ‘Complementary colours.—Dy mixed colours we 

‘the impression of colour which results from the coincident 

‘or mare colours on the same position of the retina. ‘This 

‘is single ; it cannot be resolved into its components ; in 

ct it differs from a complex sound in which the ear by practice 

wh the constituents Mixed colours may be produced by 

rent parts of thespectrum to cover each other; they may also 

by Poking { iman Gosia direction through a vertical glass 

‘at a coloured surface ; while at the same time, the observer's side of 

(ate reflects towards his eye light of a different colour, The method 
‘coloured dise affords another means of producing mixed colours. 

‘any of the methods by which the impression of mixed spectral 





colours taken away the impression ¢ 
"Thus, if in fig. 411 the red rays are cut off from leas 
the focus is no longer white but greenish blue. In 
violet, indigo, and bive of the colour disc be ° 
yellow, while the mixture of that which has been 
wolet: Hence white can always be compounded 


greenish yellow are 
Sell fentriom. ues ‘yellow and indigo bee; 
A dvington as e made ecen sp 
‘Thus pigment 


than is requisite for the production of white, inter 
obtained which lie in the specteum Dotwoen the tints f 
colours. Thus a mixture of red and . f 
predominates, produces a tint which nearer orange; whil 
latter is in excess, the tint comes nearer tc 
These colours, however, are not so pure as the o n 
tints, They are less satwraved, as it is called; 
white. 

In the above series are two specteal colours 
trum whieh have nearly the same 
the complementary colour to which is 
‘complement i i: 






only two complementary colours were mixed, 

blue and of greenish yellow is green. Hence it 
mixture of red, gecen, and violet white must be formed. 1 
be ascertained to be the case, by means of a colour d 
these three colours in suitable proj 

From the above facts it follows that from a mixture: 
violet all possible colours may be constructed, 
spectral colours are called the fiemdiamensiel colours. Te 
that the tints resulting from the mixture of th 
saturation of the individual spectral colours. 

We have to discriminate three points in regard to cv/ 
place, the finé or colour: proper by which we mean that 
which is due to a definite refrangibility producing it = 
ration which depends on the greater or less admixture 


i 


Properties of the Spectrum. 


‘being colours which art fully saturated; 
the éniensity which depends on the amplitude of 


- ‘The light emitted from luminous bodies 
‘pure, on being examined by the prism it will be 
mere arene clo. ‘optical 


‘spectrum,.—Besides its luminous properties, 
calorific and chemical effects. 
Sa edn the experiments of Fraunhofer 
the light in the yellow part of the spectrum has 
and that in the violet the least. 
‘known that the various parts of the 


of the spectrum indicated a higher tem- 
srl towards red. Herschel fixed the 
heating effects just outside the red; Berard 
showed that those different effects depend on 
ith a prism of water the earns 


of the calorific properties of the thermal spec- 
sult led, as wehave seen, to the confirmation and extension 


In numerous phenomena, light acts asa chemical 

chloride of silver blackens under the influence of 
becomes opaque, vegetable colouring 

‘and chlorine gases, when mixed, combine slowly 

fight, and with explosive violence when exposed to direct 
ical action differs in different parts of the spectrum, 

i that when chloride of silver was placed in the violet, the 
ore energetic than in any other part. Wollaston observed 
fn extended beyond the violet, and concluded that, besides 


parts of the spectrum. Thus, when chlorine 
fonite, wader the action of light, to form hydrochloric acid 





for some time to the light. * Beequerel fou 
spectrum extended from Andgo wo beyond the 


527. Dark Mnes of the spectrum. —The 
are not continuous, For several grades of ibility 
and in consequence, throughout hat cht ot of tt 
ee b 
of solar rays is admitted into a darkened room, 
At adistance of three or four yards, we took at this 
flint glass, which must be very free from flaws, 
edge parallel to the slit. We then observe a gre: 
delicate thark lines parallel to the edge of the prism, and atv 
intervals. 

‘The existence of the dark lines was first © 
1802; but Fraunhofer, a celebrated optician of Mini 
gave a detailed description of them. Fraunhofer 
indicated the most marked of them by the letters 


The dark tine A (see fig, 2 of plate 1}, is at 
B in the middle of the ved tay; © at th 0 
orange ray ; D is in the yellow ray; E, in the groen 
G, in the indigo; Hy in the violet. “There ate certain 
ck ines, duck air he rea andl fae eee 
light the positions of the dark lines are fixed and d 
count they are used for obtaining an exact ™ 
index (506) of each colour; for exam 
be ' 


are changed Inthe electric ight the dark es are 
nes, In coloured flames, that is to say, flames it 
sal substances undergo evaporation, the dark hese 


= 





Hight, bebich dlferfor diferent substances, La: 
are constant in position and peat 
acon ‘of the lines only appear as the sun nears 
strengthened. They are also influenced by 
atmosphere, The fixed lines are due to the sun; the 
‘have been proved by Jannsen and Secchi to be due to the 

iit, and are called atinospheric or éeflurie lines. 

more than 600 dark lines, more or 
ct, distributed from the extreme red to the extreme 
Brewster counted 2,000, By causing the refracted rays to 


srevy thigh of the flame G enters the telescope 8, 
inatpow vertical slit, which can be opened more or less by 


the prisin by the third fice, 


at right 
Byahsmem tho tie He 


direction paral to its axis, without in any degree mixing. 
proceed from the second flame, G. Consequently, 
Of rays traverse the prism P (fg. 419), and form two hori- 
eae, ee simultaneously through the telescope A, 

e are platinum wires, ¢ . These wires have beci 
beforehand into solutions of the” silts of the morale on ats 


— igs a 


ccessively through several analysing prisms, not merely has the 

c& of 3,000 dark lines been ascertained, but several which had been 
‘single ave been shown to be double. 

of Frauvbofer's Unes.—Subsequently to Fraun- 

several physicists studied the dark lines of the spectrum. Ip 1832 

secmebel ve yemarked that by volatilising substances in a flame a very 

of detecting certain ingredients by the colours 

to cra ofthe dark lines of the spectrum; and Fox Talbot 

analysis as probably the most delicate means of 

of a substance, To Kirchhoff and Bunsen, 

really due the merit of basing on the observation of the lines 

spectrum a method of analysis. ‘They ascertained that the salts 

pe metal, when introduced into a flame, always produce lines 

eee position, but different in colour, position, or mums 





certain objects self-luminous in the 
for some time to the light. * Becquerel 
spectrum extended from indigo €o beyond the 
‘§27- Dark Mees of me spectram.—The colours 
are not continuous. For several grades of 
and in consequence, throughout the whole extent 
area great number of very nakrow dark lines. To o 
‘of solar rays is admitted into a darkened room, 
At adistance of three or four yards, we look at this slit 
flint glass, which must be very fee from flaws, | 
‘edge parallel to the slit. We thea observe a 
delicate dark lines parallel to the edge of the prism, and 
Sntervals, 
‘The existence of the dark lines was first observed 


1802 ; but Fraunhofer, a celebrated optician of Munich, firs! 


"ot 








Hig. 419 











divided into 25 equal parts. The micrometer is formed the 
of 250 millimeters is divided with great exactness 1 
parts. A photographie negative on glass of this 
to 1§ millimeters, The negative is taken because 
light on a dark ground, ‘The scale is'then placed at or) 
focus of the lens ¢; consequently, when the scale is light 


telescope C (fig. 418) is furnished with several adjust- 
‘these # adjusts the focus; @ displaces the micro- 
‘of the laterally ; ¥ raises or lowers 


yy giving different inclinations to the 






means they pass into Be 
in a direction parallel to its axis, without in any degree mixing 
. from the second flame, G. Consequently, 
‘of rays traverse the prism P (fig. 419), and form two hori- 
which are viewod simultaneously through the telescope A. 
Gand H are platinum wires, ¢, ¢ These wires have been 


transmitted light, and gave rise te definite lines. 
‘and Gis a jet of ordinary gas, The apparatus 
‘gas Is supplied is known as a Bunsen's burner. The 
es through the hollow stem & (fig. 418). At the lower part of 
‘orifice to admit air to support the combustion of 
‘can be more or Iess closed by 2 small diaphragm, 
‘A regulator, If we allow a moderate amount of air to enter, 
‘with a luminous flame, and the lines are obscured. But if 
"and steady current of air enters, the carbon is rapidly oxidised, 
Hoses its brightness, and burns with a pale blue light, but with 
i “In this state it no longer yields a spectrum. If, how- 
j¢ Salt iy introduced either ina solid state or ina state of 
‘Spectrum of the metal makes its appearance, and in a fit 


e are three chief types of spectra; the continwous spectrum, or 
x 





is oo pen any gs i aa fens 
40 apparatus with more prisms resolves it into 


with: 

geo bla chloride of lithium in the flame of a Bunsen's 
intense peach-coloured line ; in a hotter flame, as 

vives an additional orange line ; while in the oxy- 

he voltaic are a broad Dublont blac bend cones outa 


‘more bright lines appear; and with the aid of the oxy 

‘fame the spectrum Is continuous. Sometimes also, in addition 

u of new lines, an increase in temperature resolves those 
exist into a number of fine /iaes, which in some cases are 

jin some Jess refrangible than the bands from which they are 
that the glowing vapour found at the low 

the oxide of some difficultly reducible metal, 

at the enormously high temperature of the spark these com- 
are decomposed, and the truc bright lines of the metal are 


‘of the reaction increases very considerably with the tem 
the exception of the alkalies, it is from 40 to joo times 
the temperature of the electric spark than at that of Bunsen’s 


the permanent gases are best obtained by taking the 
pk Kalo coil, or Holtz’s apparatus, through glass 

z ‘construction, provided with electrodes of platinum and 

i ‘gas in question in a state of great attenuation, known as 
utes; Ea spare de passed through hydrogen, the lightemitted. 

and its spectrum consists of one bright red, one green, and 

ge line No. 7, the first two of which appear to coincide with Fraun~ 

r and F, and the third with a line between F and G. 
ary the spectrum of oxygen, No, 8 is the spectrum of 
‘The light of this gas in a Geissler’s tube is purple and the 


complicated. 
i takes place through a compound gas or 
those of the elementary constituents of the gas. 
Se temperatures chemical combination was 
hydrggea, chlorine and the metals, could 


ture of the spectra of the clementary gases is very materially 

ab alterations of temperature and pressure. Wiillner made a 

accurate observations on the gases oxygen, hydrogen, and 

le not onky used gases in closed tubes, which by various 

ae he raised to different temperatures ; but in one and the 

jes af experiments, in which a small inductorium was used, he 

Ge panes from 100 millimeters to a fraction of a milli- 

while, in another in which a larger apparatus was used, 
xe 











Since the solar spectrum has dark 

bright ones (No. 11. Plate 1.), itis prot 
(iach ap heetptarttad rede c2 
tsa vaporous envelope which, like the sodium 
scribed above, absorbs certain rays, namely, 


itself emits, Hence those parts of the spectrum: 
rption, would have been illuminated by these 


d fom the sun, give the same lines as those of the sun. 
ean is probably still in a self 

of the fixed stars contain, however, 

lar lines, and from one another. Four 

distinguished by Pére Secchi. The first 

Paicindes the well-known Sirius and « Lyne, 

a number of very fine 

which coincide with the 


embraces those having spectra intersected. 

those of cur sun, About 140 stars, among 

ella, # Aquila, belong to this group. ‘The third group 

and orange stars, such as « Orionis, d Pegasi; the 

08. 13, f4, Plate I.) are divided into eight or ten parallel 

Fs of dark and bright bands increasing in intensity to the 

is made up of small red stars with spectra, and is con= 

bright zones increasing in intensity tawards the violet. 

pear that these fixed stars, while differing from one 

ter of which they are composed, are constructed on the 

masoursun, Huggins has observed a striking difference 

‘the nebule ; where they can at all be observed, they are 

ist generally of bright lines, like the spectra of the ignited 

the spectra of the sun and stars consisting of a 

by dark lines. It is hence probable that the 

‘of glowing gas, and do not consist, like the sun and. 
phere surrounded by a gaseous atmosphere. 

triumphs of spectrum analysis has been the 

true nature of the protuberances, which appear during a 

as mountains or cloud-shaped luminous objects varying in 

‘the moon's disc. 
se of 1868 it had been ascertained by Jannsen that 


this method i as follows :—When a line of light admitted through 








ase ieee te 


seen when a solution of sulphate of qui 
sides, is placed in different 
observed i 


(coloured | 
aL ae iuaek ae 
‘to proceed, These invisible ultra-violet 
‘the spectrum is allowed to fall on paper im* 
0 penile fe mlbetice ec testel tots hata 


erent 5 
ofthese ys ate he ile wh ee 
pct the'eye, ” 
of these more’ refrangible rays, which i 


n is closed by means of a piece of blue glass, 
to fall aed a piece of canary glass, it instantly 
om the emission of the alteted rays. 
"violet and ‘ultra-violet rays which undergo an 
‘but the phenomenon is not confined to them. 
n alum ‘gives yellow and violet light from about 
‘violet; an alcoholic solution of chlorophylle 
Tine B to’ the limit of the spectrum. In these 
‘and the blue rays experience diminution 
‘never produces more highly refrangible 


a gives a very remarkable spectrom, With quartz 
yoda spectrum six or eight times as long as the 
nes of no great illuminating power emit very 
waced on paper with solution of st 
in daylight, appear instantaneously when illurni= 















© Achromatism. 


@ecompased. If, on the contrary, the fiyst prism BCF 
pir the other of flint glass, the dispersion might be 
| without destroying the refraction. For as flint glass is more 
than crown, and as the dispersion produced by a prism ditis 
[with ts refracting angle (519), It follows that by suitably Jessening: 
fracting angle of the flint glass prism CFD, as compared with the 
fing angle of the crown glass prism DCF, the dispersive power of 











prisms may be equalised ; and as, from their position, the dispersion 

‘© are yurallel, and therefore give white light. Nevertheless, the 

the angles BCF and CFD, which is suitable for the parallelism 

ntly, only two of the rays of the spectrum can be exactly com: 

‘and the achromatism is not quite perfect. To obtain perfect 

as 
would be necessary, of unequally dispersive 
not destroyed at the same time as the dispersion : 

Ippen if the refracting power of 4 body varied in the 

lergent ray EO is not exactly parallel to the incident ray, and there 
fraesion without appreciable decomposition, 

one, A, of flint glass, is a diverging concavo.convex (fig. 422) ; 

(er, B, of crown glass, is double convex, and one of its faces may 

[Renses would be necessary ro obtain perfect achromatism ; but for 

‘$struments two are sufficient, their curvature being such as to 


in a contrary direction, it is neutralised ; that i, theemergent 
rays and violet rays, is not so for the intermediate rays, and, 
ics of which were suitably combined. 
sive power, which is not the case. Consequently, 
fomatic lenses are made of two lenses of unequally dispersive ma- 
feomende with the concave face of the first. As with prisins, 
te the blue and orange rays. 


CHAPTER V. 
OPLICAL INSTRUMENT 





he diferent kinds of optical tnstruments.—liy the (er 
| featewntent ts meant any. combination of lenses, ar of lenses and 
& Optical instruments may be divided into three classes, accord- 
fhe ends they are intended to answer, vis. —i. Mieroropes which 








the degree of magnification, We have already 

can be corrected by using achromatic lenses 

e by using diaphragms, which allow the passage of 

‘as are nearly parallel to the axis, the spherical aberration 

fee nye being nearly. insensible. Spherical aberration may. be 


wy 


Tees 
further corrected by wsing two plano-convex lenses, instead of 
fery convergent fens. When this is done, the plane face of each. 


[le turned towards the object (fig. 495). Although each lens is 
i h they replace, yet their joint 





in great, 
sie Jens draws towards the axis the rays which fall on 


ack and pinion, 


m, in the 


(we glass mirror, M, so that the 
ted rays fall upon the object. 
this microscope, the cyce Flip. eo. 
very near the lens, which is lowered or rnised until the position 
fd ar which the object appears in its greatest distinctness. 
| Conditions of distinctness of the imagos— In order that 
is looked at through a microscope should be seen with distinctness 
fist have & strong light thrown upon them, but this is by no means 
Tt is necessary that the image be formed at a determinate’ 
from the eye. In fact, there is for each person a distance of 
i vitson, & distance, that is to say, at which an object must be* 
yan observér's eye, in order to be seen with greatest dis- 
(ese This distance is different for different observers, but ori- 
(is between 10 and 12 inches, It is, therefore, at this distance 
the eye that the image ought to be formed. Moreover, this is why 





——— 








. 
Measure of Magnification. 469 


Land € respectively, It is, however, sufficient that ad and AB | 
bethe bases of isosceles triangles having a common vertex at O. 
§ what has been snid above, AB is virtually an are of a circle 
td with centre O and radius OC; likewise 26 is virtually an ar¢ of | 
whore centre is O and radius Oc. Therefore, 
AB, a1 ot 

AOB : 208-48 ; 0 : 

ee sO" De 
wre, AOB varies inversely as OC. | 
f AB and A'B" be two objects placed at the same perpendicular | 
&, OC, from the eye, O, of the observer (fig. 428), Then they are 








arcs of a circle whose centre is O and radius OC. Therefore, | 
Ao ; ‘oB'=A2 AB ap sae, | 
oc’ oc | 


bition which expresses the second principle. | 
Measure of magnitioation.—In the simple microscope, the mea~ || 
the magnification produced is the ratio of the apparent diameter | 
|mage to that ef the object, both being at the distance of most dis 

(Won* The same rule holds good for other microscopes. 11 is, 

ts, important to obutin an expression for the magnification depenc< 

data that are of easier determination 

f 429 let AB be the object, and A’ its image formed at the dis \ 
ifmost distinet vision. Let «’# be the projection of AB on A'T’ 

















Hince the eye is very near the glass, the magnification equals 
or & BY chat is, on But since the triangles A'OB’ and AOB 
fis, AB’: AB-DO = CO, Now DO is the distance of most 
vision, nnd CO is very nearly equal to FO, the focal length of the 


Mierefore the magnification equals the ratio of the distance of 





Inpler end more general definition may be stated thus :—Let @ be the angular 
Be off the object ax seen by the naked eye, B the angular maynitude of whe / 
Mhether real or irmual, nctaally present 10 the eye, then the magnification is 

Mile rule appiies 10 triescopes. 







On Light, 


nose distinct vision to the focal length of the lens. 
that the magnification is greater :—1at, as the focal sous of the! 
smaller, in other words, as the Iens is more convergent; 2adly, 
observer's distance of most distinct vision is greater. 

By changing the lens the magnification can be increased, tat 
within certain limits if we wish to obtain a distinct image. By 
4 simple microscope distinct magnification may be obtaimed up to 
diameters, 

‘The magnification we haye now considered is /iméar magnifcaii 
Swferficéal rnagnification equals the square of the /fméar magniseaticny 
for instance, the former will be 1,600 when the latter Is 40. 

541. Compound micros cop ‘he compound microscope in #S 
plést form consists of two condensing lenses : one, with a short toces, © 
called the odject glass or objective, because it is turned towards the object 
the other is less condensing, and is called the eyepréce or poner, 
ft is close to the observer's eye, 

Fig 430 represents the path of the luminous rays, and the form: 
of the image in the simplest ferm of a compound micrescope, Ano! 


Fig son 


AB, being placed very near the principal focus of the object gs, uM, 
a litte farther from the glass, a real image, #4, snverted and 
magnified, is formed on the other side of the object glass (grok 
the distance of the two lenses, M and N, Is such thar eae es 
image, 24, is between the eyepiece N, and its focus, F 
follows that for the eye at E, looking at the image’ Tee 4 
produces the same effect as a simple mi it 

, another image, a’, is seen, which is ¥ 

‘This second image, although erect a8 f¢ 
is inverted in reference to the object. It may thus be said, that the 
pound microscope is nothing more than a simple microscope applied 
to the object, but to its image already magnified by the first lens: 

$42. Amtet’s compound microsoope.—The principle of the 

microscope has been already (541) explained ; the principal ai 
the instrument remain to be described. 

Fig, 431 represents a perspective view, and fig. 432 a ba oft 
pound microscope. ‘The body of the microscope consists of = sme) 
brass tubes, DD’, H, and I, in the former of these is fitted the prey 
and in the lower part of the latter the object glass, &. ‘The sube | eam 
with gentle friction in the tube, DD’, which in turn can also be: 

a larger tube fixed in the ring E. ‘This latter is fixed toa pew ll 








0 Beeps ving oa or Iwo ef the Tenses 


‘essential features of the mueoeoesy dslasaage 
which differ mainly in the constructi: 

of the lenses, and in the TMuminaten ane 

the student is referred to special works on the 


‘the microscope. Campant's cyepiece— 

Stee ents ove cing Ineaeyian foe 

ca Masecsicn arene |, but also the chromatic 

e images to be surrounded by 

ie aes er Sea me 


es (see fig. 420) is composed 
eyepiece of two lenses, # and a, for the first of these, #, 
Gen produce colour unless the magnifying power were low. 
this eyepiece in correcting the colour may be explained as 
It will be borne in mind that with respect to red rays the focal 
f Neal is greater than the focal length of the same lens with 
violet rays. 


ty iLequation (4), we write R’ = om weobain y= 8 - which gives 


Fie 
glass, and for the red ray, #—t equals 063, and for the violet my 


‘the object, O the object glass which js. corrected for colour, 
pencil of rays falling from a on O would converge 10 a 

out any separation of colours, but falling on the freldglass C, 

ed rays Se eCrenterec to r, the violet rays to v, and intermediate 
to fotermediate points. ‘In like manner the rays from 4, after 
ithe fieldglass, would converge to r’, x, and intermediate 

So that on the whole there would be formed a succession of 
of ad, vit. a red image at rv’, a violet image at v2’, and 
images of intermediate colours, Let d be the point of the 

ich & situated on the axis. The rays from a will converge to 
intermediate pants Now suppose the eyvag/ass O' to be placed 
‘a manner that R is the principal focus of O' for the red rays, then. 
- focus for the violet rays. Consequently, the. reel 





= 





view will be readily understood by an inspection 

figure. As before, © is the object glass, © the field | 

and E the eye placed on the axis of the instrument, 

the object ; if we suppose the field lens removed, 

would be brought to a focus at A, and nane of them 

lens 0%, nor pass into the eye E. Consequently, « i 

ew.” 'Bat when the Rel glass C fs i 

brought to a focus at A’, and emerges from ©" imo 

quently, «is now within the field of view. Its in th 

substitution of an eyepiece for a single eye lens enl: 
545, Magnifying power, Micromoter,— 

any optical instrument is the ratio of the maga 

magnitude of the object. The magnifying power | 

scope is the product of the respective magnif 

pe ci tia efeplece ; that is, if the first of th 

and the other 10, the total magnifying power is 

power depends on the greater or less convexit 
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Between ine two plies oe 

‘object from the object glass, A magni- 

spree bis tcer cbtainedy bite tnoge 

it gains in extent. To obtain precise and 

“magnifying power ought not to exceed 500 
‘superficial enlargement 


" Re ektnnas te quan the niece 
Pearse conaction ‘on a screen, E, on which is a scale 
By counting the number of divisions of this 

toe ceain number of lines of the = the mag. 


tan also be determined by means of the 
‘ucidit. 
feiss ho ‘power is known, seer 

jects placed before the microscope is easily 
For, as ‘the m magnifying power is nothing more than the 
the size of the image by the size of the object, it follows that 
of the divided by the magnifying power gives the size 
j itis in this manner that the diameter of all microscopic 


“TELESCOPES. 


teleseope.—Thie witronvmnical telescope is used for 

heavenly bodies; like the microscope, it consists of a cone 
‘and object glass The object glass, M (fig. 436), forms’ 
id 4nd its principal focus an inverted image of the 
is eyepiece, which acts as a magnifying glass, then 

‘and highly ‘magnified image, a’#’, of the image a4, The 

2 telescope ‘appears, therefore, analogous to the microscope ; 





a 
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but the two instruments differ in this respect : that in the m 
object being very near the objective, the image is formed tmuch 
the principal focus, and is greatly magnified, so that both the 
and the cyepiece magnify; while in the astronomical telescope, 












Fig 6 


heavenly body being ata great distance, the incident Fays are pari 
and the image formed in the principal focus of glass bs st 
smaller than the object. There is, therefore, no mi tion 
the eyepiece, and this ought, therefore, to be of very short focal 

Fig. 437 shows an astronomical telescope mounted on its stand. Ab 
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it there is a small telescope, which is called the finder, ‘Telescopes! 
a large magnifying power are not convenient for finding = star, as 
have but a small field of view: the position of the star is, 
first sought by the finder, which has a much larger Geld of view! 
takes in a far greater extent of the heavens; it is then viewed Uy 
of the telescope. 









ACB 


‘The magnification (note, art. $26) equals © op (fg 436); thats, a 
sco ; ae CF 
orc! #4 therefore is approximately equal to Fe 
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glass, M, and being supposed very nearly to coincide with the focus 
Ns it may, re, be concluded that the magnifying 





re Salaecioe & used to make an accurate observation of the 


5 for their zenith distance or their passage 
feberind ‘a cross wire is added. “This consists of 


fees fine metallic wires or spider threads stretched 


Pig. ash 
thus becomes the dime of sight or collimasion 

‘Terrestrial teloscope.—Vhe frrrestrial telescope differs from the 

ical telescope in producing images in their right positions. 

[sis effected by means of two condensing. glasses, P and Q (fig. 430), 

beyween the object glass, M, and the eyepiece, R. The object 
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be supposed to be at AB, at a greater distance than can be shown in 
|Grawing, an inverted and much smaller image 1s formed at 6a on the 
€r side of the object glass. But the sccond lens, P, is at such a 
{ace that its principal focus coincides with the image ad; from which 
}Hlows that the Iuminous rays which pass through 4, for example, after 
fersing the lens, P, take a direction parallel to the secondary axis, 0 
Ph. Similarly the rays passing by a take a direction parallel to the 
a0. After crossing on H, these various rays traverse a third lens, 
Whose principal focus coincides with the point H. ‘The pencil BOH 
Werges towards , on a secondary axis, O°, parallel to its direction ; 
[Pencil Aali converging in the same manner at a’, an crect image of 
| object, AB, is produced at @’d This image is viewed, as in the 
ical telescope, through a condensing eyepiece, R, so placed thar 
asa i glass, that is, its distance from the image, a’, is 
Than the principal focal distance ; hence, there is formed, at ad”, a 
Image of of’, erect, and much magnified. The lenses P and Q, 
‘only serve to rectify the position of the image, are fixed in a brass 
Ai & constant distance, which is equal to the sum of their principal 
distances, ‘The object glass, M, moyes in a tube, and can be moved 
from the lens P, s0 that the image, ad, is always formed in the focus 
dens whatever be the distance of the object. The distance of the 
IK, may also be varied so that the image, a’'4”, may be formed at the 
of distinct vision, 
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‘This instrument may also beusedasan a 
a different eyepiece; this must have a much greater b 
than in the former cases. : 
In the terrestrial telescope the magnifying power is the same as ia 
astronomical telescope, provided always that the correcting glasses, P 
Q, have the same convexity. 
* "54% Galtean telescope.—The CGatllea telescope is the sim 
all telescopes, for it only consists of two lenses, namely, an object 


Te Ho. 


M, and a diverging or double concave eyepiece, R (fig. 440), and fe 
at once an erect image. Opera glasses are constructed om this 

If the object be represented by the right line AB, real but 
and smaller image would be formed at ba; but im traversing tho: 
R, the rays emitted from the points A and B are refracted, and si 
from the secondary axes, 60” and @Q’, which correspond to the 
and @ of the image. ~ Hence, these rays produced backward meet 
axes in a’ and é ; the eye which receives them sees accordingly an ¢ 
and magnified image in a’s’, which appears nearer because it Is seen ul 
an angle, a’O’P, greater than the angle, AOB, under which the objet 





seen. 

The magnifying power is equal to the ratio of the angle eO'F to 
angle AOB, and is usually from 2 to 4 

The distance of the eyepiece R from the image ad is pretty nearly e 
to the principal focal distance of this eyepiece: it follows, 
the distance between the two lenses is the difference between thei 
spective focal distances; hence, Galileo's telescope is very short and} 
able. thas the advantage of showing objects in thelr right posts 
and, further, as it has only two lenses, it absorbs very little laghe : iz) 
sequence, however, of the divergence of the emergent rays it has on 
small field of view, and in using it the cye must be placed very near 
eyepiece. ‘The eyepicce can be moved to of from the object jas, 5 
the image #’é is always formed at the distance af distinet vision. 

The opera glass is usually double, so as to produce an image i | 
eye, by which greater brightness is attained. 

‘The time at which telescopes were invented is not Known. Some 
tribute their invention to Roger Bacon in the 13th centery; ethe 
J. By Porta at the end of the 16th ; others again to a Dutchman, Jag 
Metius, who, in 1609, accidentally found that by combining two Ell 
one concave and the other convex, distant objects appeared Bearer) 
much larger. 

Galileo's was the first telescope directed towards the heavens By 
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Galileo discovered the mountains of the moon, Jupiter's satellites, * 
+ spots on the sun. . 
‘Meslecting telescopes.—The telescopes previously described are 
ing or dioptric telescopes. It is, however, only in recent times that 
veen possible to construct achromatic lenses of large size ; before 
‘concave metallic mirror was used instead of the object glass. 
ypes of this kind are called reflecting or catoptric telescopes, The 
al forms are those devised by Gregory, Newton, Herschel, and 
rain. 
‘The Grogerian teloscope.—Figure 441 is a representation of 
y's telescope ;. it is mounted on a stand, about which it is move- 





Fig. 44. 


and_can be inclined at any angle. This mode of mounting is 
al; it may be equatorially mounted. Fig. 442 gives a longitudinal 
\. "It consists of a long brass tube closed at one end by a concave 











¢ mirror, M, which is perforated in the centre by a round aperture 
h which rays reach the eye. There is a second concave metal 
_N, néar the end of the tube; it is somewhat larger than the 








‘old ones that they give hagas 
Shorter, halt Socal last being cole ster ae al 


i ih th lap ca beta 
RS, gives the fractions of a degree, Onthe 
scope thercis a graduated circle, O, whlch serves 
of the star, that is, its angular distance from the eq 
traced round the table, RS, serve to measure the 
the angle which the declination circle of the star 
tion circle passing through the first point of Aries. 
In order to fix the: ‘in 
to the upright ; it is provided with a: 
* and which can be screwed tight by means 
On the side of the apparatus there is the 
a sliding copper plate, on which there is also the 
sented ‘in section in fig. 443. To bring the image to 
plate may be moved by means of a rack anda milled’ aden 7 
ny, serves to clamp or wnclamp the screw, V, The d 
from a telescope, the mirror of which is only 6} in 
which gives a magnifying power af 150 to 200. 
552. The Herschelian telescope.Sir 
until secenily, was the most celebrated instrument © 


Fe us. . 
constructed on a method differing from those described. 
30 inclined that the image of the star was formed ated, 
telescope near the cyepiece, 0; hence it istermed. 
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and oat, ‘The luminous rays, R, pass into the bex 


ae pae eS = 
and form an image ona ground glass plate, 
athe paper is placed on this screen, a: criwing’ of the iaage’ 
made. A wooden door, A, cuts off extraneous: 
The bor ie frmed of two pas, sding one oa 
of hat, more i 
joints of a telescope, so that, by elongating oi al 


Fig an An fig. 447, 

B corresponds to the focus of the prism in the case A, and an 

forms on a piece of paper placed on the table. The whole Is | 

by a black curtain, so that the 

place himself in complete darkness. 

S34. Camera tuciaa.—The cam 

is a small instrument 

reficetion, and serves for 

of any object. 

laston, in 180g. It pee 

sided glass prism, of which fig. 449) 

section perpendicular to the 

aright angle,and C an : 

other angles, Band Dj are GV The! 
rests on a stand, on which uF 

or lowered, and turned more or less about an axis. bees! 

edges, When the face, AB, is turned towards the o 


Fig 





glass, mm, The rays, 

the prism, are owas, 

exterge in KH. ‘They ate 
glass plate murat H, Pod forse weenie 

cl oS The 
ee glass the point of a pencil applied 
ie outline of the picture may be traced with great 


_This is an tus by which a magnified 
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tance from V of rather more than its focal distance, : 
real and very much magnified image of the figere on 
on the sereen (514). 
Dissolving views are obtained by 
are quite alike, with different pictures, in such nates Gaara 
tare produced on exactly the same part of sereen. eaten 
both lanterns are closed by sercens, which are so arranged 
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as one Is raised the other is lowered, and vite vers. In this 
picture is grachally seen to change into the other. 





Be 
If the image {s 100 or 1,000 times farther from the lens than the object! 
image will be 100 or 1,000 times as large. Hence a lens with a very sot 
focus can produce avery large image, provided the screen is sufficient 


large, 

556, Solar microscope-—The solar microscope |x In reality mai 
Jantern illuminated by the solar rays; it-serves to prodtes hi 
images of very small objects, It is worked in a dark roomy ff 49 
represents it fitted in the shutter of a room, and fig. 454 gives 
details. 

The solar rays fall on a plane mirror, M, placed outside the room, a0 
are reflected towards 2 condensing lens, /, and from thence ton 
lens, o (fig. 454), by which they are concentrated at its focus. ‘The oie 
to be magnified is at this point; it is placed bees eee 
which, by means of spring, #, are kept in a fin position between!” 

tal plates, #, The object thus strongly Wluminated is very next O 
focus of a system of three condensing lenses, ., which forms upems 
at a suitable distance an inverted and greatly magnified image, wh 
distance of the lenses, @ and », from the object is regulated by 
screws, € and D. 

As the direction of the solar light is continually *arying, ibe | 
of the mirror outside the shutter must also be changed, so that | 


za 
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fs always in the direction of the axis of the microscope, The 
‘exact apparatus for this purpose is the heliostate (492); but as this 
is very expensive, the object |s usually attained by inclining 
to a greater or less extent by means of an endless screw 1 





| The solar microscope labours under the objection of concentrating 
{reat beat on the object, which soon alters it, This is partially obviated 
ayer of a saturated solution of alum, which, being a 





Hig ast. 


Dwerfully athermanous substance, cuts off a considerable portion of the 


ie magnifying power of the solar microscope may be deduced experi- 
Stetally by substituting for the object a glass plate marked with lines at 
‘of fq OF yby Of a millimeter. Knowing the distance of these 

‘on the image, the magnifying power may be calculated. ‘The same 





ita ner 
d Peete oY are a tue ts dunes eae 


ire stegse pace ase) ut with larger 
ens ther Sia aeeat Nosetdta cee cis on hick body 
‘submitted to the sun's rays. As the centre of the 
focus of the lens, the substances placed there 
d by the high temperature produced, Gold, 
rapidly melted, This experiment proves that 
way as light = for the position of the calo- 

‘that of the luminous focus. 
‘mirrors were used in sending the light of beacons 










490 Oe Light [pit 
and lighthouses ta great distances, but they have been by the 
use of lenses of the abave construction. In most cases, oil is ased md 
lamp of peculiar construction, which gives as much light as 20 moderator 
‘The light is placed in the principal focus of the lens on the side of the 
plane face. The emergent rays consequently form a. parallel beam 
(fg 397), which loses intensity only by passing through the atmo 





Fig. 456 


sphere, and can be seen at a distance of above 40 miles, In 
all points of the horizon may be successively iuminated, the 
continually moved round the lamp by a clock-work motion, the 
which varies with different lighthouses. Hence, in different 
Tight alternately appears and disappears after equal 
ns Serve to distinguish lighthouses from an : 

By means too of the number of times the light 
ina given time, and by thé colour of the light, sailors are 
distinguish the lighthouses from one another, and henee te keew 


\ Photography. 490 
(years the use of the clectric light has been substituted for thar 
(ps; a description of the apparatus will be given in a subsequent 


PHOTOGRAPHY. 


aguerreotype.—-Phv/agraphy is the art of fixing the images of 
ra obscura on substances semsi/ive to light. The various photo- 
yrooesses may be classed under three heads; photography on 
Peery ee enereniy on sins iS. 

the 





tedious and lent, and it was not until 1839 that poker 
solved. In that year, Daguerre described a method of fixing 
ts of the camera, which, with the subsequent improvements 
and Archer, has rendered the art of photography one of the 
pellous discoveries ever made, cither as to the beauty and pere 
the results, of as to the celerity with which they are produced, 
process, the Daguerreotype, the picture is produced on 
copper coated with silver, This is first very carefully polished, 
on on ielcsiben much of the success of the subsequent operations 
It is then rendered sewsitive by exposing it to the action of 
jour, which forms a thin layer of iodide of silver on the surface, 
isnow fit to be exposed in the camera, sensitive enough 
wee an exposure of ten minutes in the camera, but 
is as for portraits, etc., it is further 
[ibe action of an asrleator, sch'an bromine oF hypobromite 
}. All these operations must be performed ina room lighted 
lie, or by the daylight admitted through yellow glass, which 
[chemical mys The plate is preserved from the action of 
lacing it in a small wooden case provided with a slide on the 
ide. 





(rd operation consists in exposing the sensitive plate to the 
opera im that position in the camera where the image 
@ with greatest delicacy. For photographic purposes a camera 
| peculiarconstruction is used, The brass tube, A (fig- 458),, 
(achromatic condensing lens, which can be moved by means 
fork motion, to which is fitted a milled head, D. At the op- 
ease en ee © which slides in a groove, 
the case containing the plate also fits, The camera being 

{ proper position before the object, the sliding part of the box 

1 until the image is produced on the glass with the utmost 
{ this is the case when the glass slide is exactly in the focus., 

(Gjstmnene is made by means of the milled head, 
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[Be 
‘The glass slide is then replaced by the case containing the seastive 

plate; the slide which protects it is raised ; and the plate exposed fea 

time, the duration of which varies In different eases, and ess only’! 
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hit exactly by great practice. ‘The plate is then removed to a dak me 

af change is perceptible to the eye, but those parts on which thelitt 
sacted have acquired the property of condensing mercury: the 

is next placed in a box and exposed to the action of mercurial vapee 

60 oF 70 degrees, 

‘The mercury is deposited on the parts affected in the form of 

imperceptible to the naked eye. ‘The shadows, or those parts of 

it has not acted, remain covered with the layer of todide of 
‘This is removed by treatment with hyposulphite of sodium, which 
solves iodide of silver without affecting the rest of the plate. The’ 
next immersed in a solution of chloride of gold in hyposulphite of: 
which dissolves the silver, while some gold combines with the 
and silver of the parts attacked, and greatly increases the intensity 
lustre, 

Hence the light parts of the image are those an which the 
has been deposited, and the shaded those on which the metal bias 
its reflecting lustre, 

Fig. 459 represents a section of the camera and the object gist 
first it consisted of a double convex lens, but now double 
Jenses, L. L, are used as object glasses, ‘They act enore quickly that’ 

i a single lens, have a shorter focus, and cam be meet 
L, by means of the rack and paleo 

560, Photographs on paper.—In Daguerre’s process, which 
heen described, the images are produced direetly on meeallie 
With paper and glass, photographs of two Kinds may be 
those in which an image is obtained with reversed fints;so that! 
lightest parts have become the darkest on paper, and tae seret) 
those in which the lights and shales are in their natural 
former are called nagative and the latter positive pictures, 





ving 
Pouring over ‘ita solution called the, 
r | substances used for: 


which have been most acted upon 
‘is sufficiently brought out, water is 
to prevent the further action of the de- 


ier with a thin layer of spirit-varnish, 
is it may be used for printing an 
ni aipaaisra pictures. For this purpose, paper is impreg~ 


}, by imwnersing it first in solution of nitrate 
kn ‘ane of chloride of sodium chloride of silver is thus 





phite of sodium, which dissolves 
pictureis afterwards immersed in 


‘ery 
jetta feed one gl ret Bae 
;, is not nearly so lony as for 
developed by pouring over it a ee woah 
produces a negative image; 
Serer pace eee Rao ci 
into a positive, It is then ie vey a and a pte 
poured over the picture, 
56m Photographs on albumenisea paper 

a ‘paper meeeaied with a solution of albumen 

used instead of collodion, over which it has the advantage 
at it can be prepared for some time before it is used, and that it pn 
duces certain effects In the middle tints, It has the disadvantage of mit 
being nearly so sensitive. !t requires, beta! crs ai Py 
unsuitable for portraits, but can be advantageously used 


CHAPTER VI. 
THE EVE CONSIDERED AS AN OPTICAL INSTRUMENT. 


563, Structure of the human eye.—The y¢ is oe 
Gane say, of the phenomenon by virtue of which the: hight 
or refiected from bodies excites in us the sensatich which . 
presence. 

‘The eye Is placed in a bony cavity called the orbit; it is 
in its position by the muscles which serve to move it, by the: 
the conjunctiva, and the eyelids, Its size is much the same in 
it is the varying aperture of the eyelids that makes the eye 
or peal 
Fig. 460 represents a transverse section of the eye from 
‘The general shape is that of a spheroid, the curvature of which 3 
in the anterior than in the posterior part, It is co 
ing parts: the cornea, the sclerotéca, the irds, the pupil, the 
the eryrtalline, the vitreous body, the Apaloid 
retina, and the optic nerve, 
Cornea,—The cornea, a, is a transparent membrane situated in: 
the ball of the eye. In shape it resembles a small warch 
into the sclerotica, ¢; in fact, these membranes are $0 co 
anatomists have considered them as one and the same, and have dit 
guished them by calling the cornea the éramapfaremt, and the ‘i 
the efague cornea. v= 
Selerotica.—The sclerotica, é, ot sclerotic coat, is a 








sclerotica, It is completely vascular, andl is ex 
by a black substance which resembles the €« 
‘skin, and which absorbs all rays not intended te co 
vision. 

‘The choroid elongates in front, and forms a: 

, © “called atiary processes, which penetrate between th 
line capsule to which they adhere, forming round i 
radiated flower. By its vascular tissue, orale 
blood into the interior of the eye, and especially to 

564. Refractive indices of the n 
refractive indices from air into the transparent: 
determined by Brewster, His results are cont: 
table, compared with water as a standard =— 


t oo 





Vitreous humour. . + 
Exterior coating, of the erystalll 
Centre of the crystalline. 
Mean refraction of the crystalline 


— 
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dimensions of various parts of the human 






i 
Radins of curvature of the sclerotica « 0°40 to 0°44 in. 
w av comea.  ., OFS to0r32 ,, 

“ santenior face of the n 
crystalline . . o2Stoogo ,, 
posterior face. . @20t0o% , 
- «O44 to orgs ,, 
: O12 to 028 |. 
Hine . oy 
crystalline San! 020 





‘Distance from the pupil to the pret - 
ngth oftheaxisoftheeye . . . . O88 too96 ., 


‘curvature of the cornea, according to M. Chossat, is that of an 

old of revolution round its major axis, and the curvature of the 
that of an ellipsoid of revolution round its minor axis. 

‘of rays in the eye... From what has been said as to the 


is the aperture, the crystalline is the condensing lens, 

the screen on which the image is formed. Henee, the 

jig the same as when the image of an object placed in front of a 
¢onvex lens is formed in its conjugate focus. Let AB (fig. 461) 








Fig. 61. 


‘object placed before the cye, and Jet us consider the rays emitted 
‘any point of the object A. Of all these rays those which are 
towards the pupil are the only ones which penetrate the eye, 
‘operative in producing vision. These rays, on passing Into the 
F, experience a first refraction which brings them near the 
ity axis, Aa, drawn through the optic centre of the crystalline ; 
on traverse the crystalline, which again refracts them like a double 
ens, and having experienced a final refraction by the vitreous 
* ‘they meet in a point, a, and form the image of the point A. 
‘rays fssuing from the point B form in like manner an image of it at 
point 4, so that a very sinall, real, and inverted image is formed 

etly on the retina,provided the cye {s in its normal condition, 
j67- Taversion of tages. in order to show that the images formed 
fina are really inverted, the eye of an albino or any animal 
pink eyes may be taken; this has the advantage that, as the 
ole i# destitute of pigment, light can traverse it without loss. This 
deprived at its posterior part of the cellular tissue surrounding it, 





BeEAG Oo cen te aoe ee coeallne a 
(projected on the retina depends on the size of the visual 


of the distance and size of objects, —The estimation. 
See reeaceapends on numerous circumstances ; these are— 
3 ‘the optic angle, the comparison with: objects whose size 
F 0 Us, the diminution of the precision of the image by the inter- 
on of 2 more or leas 


under which it ig seen, If its size is unknown, it is judged 
‘to that of objects which surround it, 
de, an avenue of trees, the gas lights on the side of a road, 
o diminish in size in proportion as their distance increases, 
‘visual angle decreases ; but the habit uf seeing the columns, 
im their proper height, leads our judgment to rectify the im- 
by vision. Similarly, although distant mountains 
‘under a very smail angle, and occupy but a small space in the 
our familiarity with the effects of aérial perspective enables 
a correct idea of their real magnitude. 
Tbe optic angie is also an essential clement in appreciating distance, 
angle increasing or diminishing according as objects approach or 
‘we move our eyes so as to make their optic axes converge towards 
which we are looking at, and thus obtain an idea of its distance, 
ess it is only by Jong custom that we can establish a relation 
‘our distance from the objects and the corresponding motion of the 
‘It is a curious fact that persons born biind, and whose sight has 
: d by the operation for cataract, imagine at first that all objects 
atthe same distance. 
. Distance of distinot visiom—The distance of distinct vision is, 
iy stated, the distance at which objects must be placed so. as to 
th the greatest distinctness. It varies in different individuals, 
‘same individual it is often different in the two cyes, For small 


ate measurement of the least distance of 

‘vision, two small parallel slits are made in a card at a distance of 

‘ofan inch. These apertures are held close before the eye, and when 

in another card is held very near these apertures, theslit is seen 

because the rays of light which have traversed both apertures do 

each other on the retina, but behind it. But, if the laucr 

ily removed, the distance is ultimately reached at which both 

coincide and form one distinct image. Stampfer has constructed 
‘on this principle. 

who see our at a very short distance are called myopic, or 

and those who sec only at a long distance are presbyoptic, or 





‘This is shown. oy th the following ; 

one side of the eye of a person looking at a distant 

observed from the other side, three distinct images © 

seen; the first, virrual and erect, is reflected from the : 

the cornea; the next, erect and less is r 

surface of the lens ; the third, inverted and 

terior surface of the lens. If now the person look at a 1 

change is observed jn the first and third images, but 

becomes smaller and the first 

surface of the crystalline lena : 

cornea. In place of the candle, Helmholtz throws light | 

ina screen upon the eye, and observes the distance on the & 
5 natead of the size of the flame of tl 


om iy ves 
musele (ciliary muscle), the contraction of > ’ 
ligament, and so allows the front surface of the lens to 
less of that greater convexity which it would n 
not for the drag exercised upon it by the li 
important changes tending to make the lens: 
forwards oceur, which cannot, however, be | 
into minute anatomical details. When the ey 
vision, the pupil contracts and so partially: 
aberration. 


=... 





Sor 
eye sees most distinctly any point 


A single 
i axis, and less distinctly other points also, towards 
ig not directly Jo p but which etill axe, within ite circle of 


jable to judge of the Aiavien of ony suck plot ool onable Wy 
estimate its distance. Of the distance of an object it may indeed 
Jodge by such criteria as loss of colour, indistinctness of outline, 
(sein magnitude, etc, ; but if the object is near, the single cye is 
fallible, even with these aids. 

en the two eyes are directed upon a single point, we then gain the 
‘of judging of its distance as compared with that of any other 
sh re ae to gain by the sense of greater or less effort 
‘in causing the optical axes to converge wpon the one point or 
other, Now solid object may be regarded as composed of 
are at different distances from the eye. Hence, in looking 
ain object, the axes of the two cyes are rapidly and insensibly 
io angle of convergence, and we as rapidly are gaining 
fence in the difference in distance of the various points of which 
is composed, or, in other words, an assurance of its solidity. 

‘of assurance # necessarily unattainable in monocular vision, 
principle of the storeoncope.—|.ct any solid object, such as, 
ies ‘be supposed to be held at some short distance before the two 
‘On whatever point of it they are fixed, they will sec that point 
ost: Saistely, and other points more or less clearly. But it is 
jt that, as the two cyes see from different points of view, there will 
med in the right eye a picture of the object different from that 


bead 


We ata 





din the left ; and it is by the it union of these two dissimilar 
fea that we sce the object in relief, If, therefore, we delineate the 
first as seen Bre right eye, and then as seen by the left, and 

s present these dissimilar pretures again to the eyes, taking care 
ent to each eye that picture which was drawn from its point 
‘there would seem to be no reason why we should not see a 
bentation of the object as we saw the object itself, in relief. Ex« 
(ent confirms the supposition. If the object held before the eyes were 
peated pyramid, rand /, fig. 464; would represent its principal lines, 






Fig. ats 


off the two side Seine Tos 
in combining such pairs of dissimilar pictures, mir 
have been made use of, and the instruments in. which 
are adapted to this end are called 44 


mirrors are uscd to change the apparent position of a ws 
that they are both scen in the same direction, and thelr oy 
by the eye is thus rendered easy and almost inevitable, If 
406) are two plane mirrors inclined to one another at 
the two arrows, 4, y, would both be seen by the eyes si 
in the position marked by the dotted arrow, If, instead of 
we now substitute such a pair of dissimilar pictures as we 
above, of the same solid object, it is evident that, if the 
pictures coincide, other corresponding paints of the p 
‘The eyes, however, almost without effort, soon bring such | 
coincidence, and in so doing make them appear to recede 
as they are farther apart or nearer together than any two 
Points (the right-hand comer, for instance) of the mary 
pictures are placed side by side, as in, the diagram, fig. 
plain, also, on considering the position for the arrows 
adapt such pictures as those in fig, 464.to ase in a 
‘one of them must be reversed, or drawn as it would 
Paper if held up to the light. 

575. The refracting stereoscope.—Since the rays: 








5 Stereoscope, 503 
vent of such a lens may be readily adapted to change the ap; 
so dea —— ‘Thas, if (fig. 467) two oats 


dente ee 
a 27, <> 
| = = ry % 


| Fig. 6. 
it from a on convex lens, and placed with their edges together, 
rows x, y, would both be seen in the position of the dotted arrow 
te eyes at Rand L. 
we substitute for the arrows two dissimilar pictures of the same solid 
{6 oF the same landscape, we shall then, if « diaphragm, ad, eke co 
ee& the lenses to prevent the pictures being seen 
(see bur one picture, and that apparently in the centre, and magnified. 
| Eee tae brought by the power of the lenses’to coin- 
\ether corresponding points will not be coincident until combined by 
most insensible effort of the eyes. Any pair of corresponding points 
feare farther apart than any other pair will then be seen farther back 
© picture, just as any poine in the background of a landscape would 
and (if we came to compare two pictures of the landscape, one drawn 
te ‘ight eye, and the other by the left) to be represented by two 
(3 farther apart from one another than two others which represented 





ine in the I. 
Yany one curious in such experiments, it will be instructive to notice 
re ecea rete en this side y 6 

at which, if a person look steadily, 

‘in fig. 468 will combine, and form 
| @ different stereoscopic picture. Instead 
polid pyramid, a hollow pyramidal box will 
beseen. The point may easily be found by 
fiment. Here again two external images 

beseen. If we wish to shut these out, 
-central stereoscopic combina- 

‘use @ diaphragm of paper held 

to the plane of the picture with a square 

z& ‘This paper screen must be so adjusted 
“may conceal the right-hand figure from 
aft eye, and the figure from the 





single sector ; then placing the apparatus | 
recrpaach gee 7 ‘Af the mover 
‘ransparent sectors are seen, but only one at a 
rotation we see simultaneously two, three, or ul 
M, Plateau has investigated the duration of the 
similar methods, and has found that itis on th 
Among many curious instances of these ph 
‘one of the most remarkable, Jf, after having loo 
minated window, the eyes are suddenly closed, | 
few insmnts—that is, a sashwork is seen © 
surrounded by dark frames : after a few 





pression of colours remains as 
Jects ; for if circles divided into sectors are paint 


 — 
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and give the sensation of the colour which 

from their mixture. Yellow and red give orange; blue and 

Coe Speen is spectrum give white, as shown in 
416). 

of picces of apparatus are founded on the persistence 

monte rena ‘Such are the Haumatrope, the plenukistoscope, 


the Aaleidophone. 
sien Amages.—A coloured object being placed upon a 


und, is steadily looked at for some time, the eye is soon 
| the intensity of the colour enfecbled; if now the eyes are 
wards a white sheet, orto the ceiling, an image will be seen 


eee sings wl ts vos if thor object i. yelow, the nage 


fle. 
tal colours are of longer duration in proportion as the abject 
more brilliantly illuminated, and the object has been longer 
| Whea alighted candle has been looked at for some time, 
(es are turned towards a dark part of the room, the appearance 
be temmins, but it gradually changes colour ; it is first yellow, 
ses through orange to red, from red through violet to greenish 
bee is gradually fecbler until it disappears. If the eye which has 
ing at the light be turned towards a white wall, the colours fol- 
ft the apposite direction : there is first a dark picture on a 
ind, which gradually changes into blue, is then successively 
Yellow, and ultimately cannot be distinguished from a white 


fon of this phenomenon {s, doubtless, to be sought in the fact 
ibsequent action of light on the retina is not of equal duration 
jurs, and that the decrease in the intensity of the subsequent 
snot follow the same law for all colours. 

‘adiation.—This is a phenomenon in virtue of which white 
those of a very bright colour, when seen on 
‘and, appear larger than they really are. 
White square upon a black ground scems 
im an exactly equal black square upon a 
Ind (fig. 469). Irradiation anses from the 
be ion produced on the retina ex- 
ind the outline of the image, It bears the 
{om to the space occupied by the image that 
in of the impression does ta the time during 
image is seen, 

ttof irradiation is very perceptible in the 
tiagnitude of stars, which may thus appear 
thas they really are; also in the appear- 
{moon when two or three days old, the brightly illuminated 
fensing to extend beyond the darker portion of the dise, and hold 
op 
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p in frdnt of one eye (the other being closed) in such 


and that these unequally refrangible rays, meeting 
o media of the eye almost at the normal incidence, are 
‘refracted, from which it follows that the chromatic aberration 


ble (534)- 
cal aberration, as we have already seen is corrected by the 
‘The iris is in point of fact a diaphragm, which stops the 
rays, and only allows those to pass which are near the 


myopy and presbytism. The 

affections of the eye are myopy and presbytism, or short sight 

is Short sight is the hab;wal accommodation of the eyes 

‘a distance less than that of ordinary vision, so that persons affected in 

only see very near objects distinctly. The usual cause of short 

ts a to0 great convexity of the cornea or of the crystalline ; the eye 

then too convergent, the focus, in place of forming on the retina, is 

964 in front, so that the image is indistinct. 11 may be remedied by 

of fing glasses, which in making th® rays deviate from their 

on axié throw the focus farther back, and cause the image to be 
08 the retina. 


“fight is that the eye is not sufficiently convergent, and hence 
ge of abjects is formed beyond the retina: but if the objects are 
farther off, the image approaches the retina, and wha they are 
“suitable distance is exactly formed upon it, so chat the object is 


seen. 
sight is corrected by means of converging lenses. ‘These glasses 
rays together before their entrance into the eye, and, therefore, 
‘converging power is properly chosen, the image will be formed 
‘on the retina. 
‘not many years since double convex lenses were alone used for long 
d persons, and double concave for short-sighted persons. Wollaston 





ok formula ef acai 
side of the object in reference to the lens, the 
Repose ia pss ie ea 


rye gt persons, fis calculated by #1 
(517), which belongs to concave lenses, and. 


Pad so 






to use in whom the distance of distinct vision 
‘tance of ordinary distinet vision is £2 inches; 


in the above formula (1), we get /= nts atk 


$82. Diplopy.—Diplopy is an affection of 
to be seen double, that Hale tren n 
the two images are almost entirely superposed, and 
anore distinet than the other, Diplopy may. cial 
‘of two unequal eyes, but it may also affect a singl 
is, doubtless, due to some defect of conformation in 
parts of the eye which produces a bifurcation ef the tu 
thus two images are formed on the retina instead 
may also be affected with tripdopy, buw in this 
exceedingly weak. 

583. 


Achromatepsy : Daltonism. 1 
# carious affection which renders us incapable of 
atany rate certain colours, In some cases 
in others some colours can be very well d 


ee 
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in this manner can distinguish the outlines of bodics without difficulty, and 
they can also discriminate between light and shade, but they are unable 
to distinguishythe different tints. 

D'Hombres-Firmas cites an instance of a person affected with achro- 
matopsy, who had painted in a room a landscape of which the ground, 
trees, houses, and men were all painted blue, and when asked why he 
had not given each its proper colour, he replicd that he wished to 
assimilate the colour of his drawing to that of his furniture; now this 
was red. 

Achromatopsy is also sometimes called Dalfonism, because Dalton, who 
has carefully described it, was so affected. 

584. Ophthalmescope.—This instrument, as its name indicates, is de- 
signed for the examination of the eye, and was invented in 1851 by Prof, 
Helmholtz, It consists :—1. Of a concave spherical reflector of glass or 
metal, M (figs. 470, 471), in the middle of which is a small hole about a 
sixth of an inch in diameter. The focal length of the reflector is from 8 
toto inches. 2 Of a converging achromatic lens, 0, which is held in 
front of the eye of the patient. 3. Of several lenses, some convergen t 
others divergent, any one of which can be fixed in a frame behind the 
mirror so as to correct any given imperfection in the observer's sight. If 
the mirror is of silvered glass, it is not necessary that it be pierced at the 
centre ; it is sufficient that the silvering at the centre be removed. 

To make use of the ophthalmoscope, the patient is placed in a darkened 
room, and a lamp furnished with a screen put beside him, E. The screen 





Fig. 470 


serves to shade the light from his head, and kcep it in darkness. The ob- 
server A, holding in one hand the reflector, employs it to concentrate the 
Hight of the lamp near the cye B of the patient, and with his other 
hand holds the achromatic lens @ in front of the eye. By this arrange- 
ment the back of the eye is lighted up, and its structure can be clearly 
discerned. 

Fig. 471 shows how the image of the back of the eye is produced. which 


lamp 
tating rays, viz, the red, yellow, and “vionseoraple 
employed 


are stained green or cobalt blue. 


sun, the stars, heat, chemical combination, p 
and meteoric phenomena. The last two sources: 
the articles Eiectricity and Metearology. 

‘The origin of the light emitted by the sun 
itis assumed that the ignited envelope by whi 
gaseous, because the light of the sun, | like that 
bodies, gives no trace of polarisation in the 
VIL). 

As rejards the light developed by heat, 
bodies begin to be luminous in the dark at a 
600°; above that the light is brighter in peony d 
higher, 

‘The luminous effects witnessed in many ch 
due to the high temperatures produced, This 
ficial lights used for illuminations ; for as 
flames are nothing more than gaseous matters o% 
to the he point of incandescence. 





Phosphorescence, 51T 
has arrived at some extremely remarkable results, refers thie 
_ 


phosphorescence in certain vegetables and animals: for 
parley iettswe in the glow-worm and in the lampyre, and the 
their light appears to depend on their will, In tropical 


‘each other in darkness, or when a lump of sugar is broken. 

Phosphorescence by electricity, \ike that which results from the 
of mercury against the glass in a barometric tube, and especially 

the electric proceeding either from an ordinary electrical 


iste era the sun. Alarge number 

after having been exposed to the action of solar light, ot of 

te difused light of the atmosphere, emit in darkness a phosphorescence, 
te coleur and intensity of which depend on the nature and physical con- 

(tion ibstances. This kind of phosphorescence y 
by = Becquerel, an abstract of whose researches is given in the 


;. Phasphorescence by insolation.—This was first observed in 1604 
(sulphide of barium), but M. Ed. Beeque*el bas 
, discovered it in a great number of substances, The sulphides af 
and strontium are those which present it in the highest degree. 
well after being exposed to the light, they are luminous 
“several hours in darkness. But as this phosphorescence takes place 
as well as in a gaseous medium, it cannot be attributed to « 
jemical action, but rather to a temporary modification which the body 
fdergoes from the action of light. 
(After the substances above named, the best phosphorescents are the 
owing, in the order in which they are placed : a large number of dit 
lands (especially yellow), and most spccimens of fluorspar, then arrajgo- 
concretions, chalk, apatite, heavy spar, dried nitrate of 
and dried chloride of calcium, cyanide of calcium, a large 
‘of strontium or barium compounds, magnesium and its carko 
fey ete. Besides these a large number of organic substances also 
phosphorescent by insolation ; for instance, dry paper, silk, cane- 
milk-sugar, amber, the teeth, etc. 
finds that the different spectral rays are not equally well 
to rendér substances phosphorescent. The maximum effect takes 
in the violet rays, Or even a little beyond ; while the light emitted 








sreetionet she screens. Suppose, for instance, that they 
second; as one revolution of the screens is effected 
une would be four appearances and four disappear- 
that time. Hence the length of time elapsing between the 
‘iMfumination and of observation would be } of yf; af a second or 

of of a second. 
sryations with the phosphoroscope are made in a dark chamber, 





Observer being on that side on which is the wheelwork. A say ot 
at of of electric light is allowed to fall upon the substance @, and the 
Leing made to rotate more or less rapidly, the body ¢ appears 

‘by transparence in a continuous manner, when the interval 

a insolation and observation is less than the duration of the phos- 
etnce of the bedy. By experiments of this kind, Becquerel has 
that substances which usually are not phosphorescent become so 

; such, for instance, is Iceland spar, Uranium 


the phosphoroscope 
yenpounds present the most brilliant appearance in this apparatus ; they 
a 
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will be remarked that the limits are very narrow within which the 
(WSs of the undulations of the ether must be comprised, if they are to 
(xpable of producing the sensation of light. In this respect light is in 
(tked contrast to sound. For the limits are very wide within which 
‘lengths of the undulations of the air may be comprised when they 
doce the sensation of sound (229). 
pee theory readily explains the colours of different bodies. 
that theory, certain bodies have the property of exciting 
ref afferent Jengths, and thus producing light of given colours. 
‘ight or daylight results from the coexistence of undulations of ali 


lengths 
ie eotour of a body is duc to the power it has of extinguishing certain 
and reflecting others; and the body appears of the colour 
foced by the coexistence of the reflected vibrations. A body appears 
le when it reflects all different vibrations in the proportion in which 
it appears black when it reflects light 
red body is one 
th Bas the property of reflecting in predominant strength those 
ations which produce the sensation of red. This is seen in the fact 
when a piece of red paper is held against the daylight, and the re- 
Tight is caught on a white wall, this also appears red. A piece of 
in the red part of the spectrum appears of a brighter red, and 
‘ef blue paper held in the blue part appears of a brighter blee; 
‘a red paper placed in the violet or blue part appears almost black, 
ast case the red paper can only reficct red rays, while it extin- 
the blue rays, and as the blue of the spectruin is almost free from 
(po little is reflected that the paper appears black. 
undukitory theory likewise explains the colours of transparent 
‘Thus, a vibrating motion on reaching a body sets It in vibration, 
{Iso the sibrations of the luminiferous ether are communicated to the 
Joa body, and setting it in motion produce light of different colours, 
this motion is transmitted through any body, it is said to be trans. 
(ud of framlucent, according to the different degrees of strength with 
Bi this transmission is effected. In the opposite case it is said to be 









Wee 

ben light falls upon a transparent body, the body appears colourless 

= vibrations are transmitted in the proportion in which they exist 
€ spectrum, But if some of the vibrations are checked or exti 

ed, the emergent light will be of the colour produced by the coexist- 








317 
on. If we denote the angle APQ by R it Is 


etsy 


of parallel plane waves will give rise toa pencil of 

it angles to the waves ; consequently, with respect to 

these Tand R are the angles of incidence and refraction. 

the of the sinos of those angles is constant and equals 
ch is the distinctive law of single refraction, 

if wis the refractive index of the substance, v-#2” equals r, 

lst? . Now, under all circumstances,» is greater than 1, 

'® is greater than 2; a result which coincides with that ob- 

experiment (470), 


DOVNLE REFRACTION. 


It has been already stated (494), th: 
alagaae property of double refraction, in 
events in passing through any one of them is divided 
Hifurcation, whenee it follows that, when an 
‘one ey these crystals, tt appears double, ‘The fact 
Pansassor double refraction in Iecland spar was Grat stated by 
Nin 149, but the law of double refraction was first enunciated 
ly by Huyghons in his treatise on light written in 1678, and publiahed 


‘Crystals which possess this peculiarity are said to be dowble refracting, 
4s found to a greater or fess extent in all crystals which do not belong 
ithe cubieal system. Bodies which crystallise in this system, and those 
ch, like glass, are destitute of crystallisation, have no double refraction, 
open can be however, be imparted to them when they are unequally 
when they are cooled quickly after having been heated, in 
state lps said to be annealed. Of all substances, that which 
ee most remarkably i¢ Iceland spar or carbonate of calcium, 
lances the power of double refraction can hardly be proved 
Prmregeg by iol bifurcation of an incident ray ; but its existence 
their being able to ‘ depolarise ' light. 
has explained double refraction by assuming that the ether in 
‘tefracting bodies: is not equally elastic in all directions; from 
follows that the vibrations, in certain directions at right angles to 
ae transmitted with unequal velocities; these directions being 
‘an the constitution of the crystal. This hypothesis is confirmed 
which glass acquires of becoming double refracting by 
and by pressure, 
‘Wntaxial erystais,—{n xl! double refracting crystals there is ome 
and in some 2 second direction possessing the following pro- 
‘When a point is looked at through the crystal in this particular 
‘it dows mof appear double, The lines fixing these directions 
called offic axes; and sometimes, though not yery properly, axcs of 
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double refraction, A erystal is called ausiexiad whe 
that is to say, when there is one direction 


gett faces form: 
pold tages wes oe 
situated at the eames of 0 


Fig. ars. 


were equal, the axis of the crystal would colncide with the diagaral, 

Brewster has shown that in all uniaxial crystals the oprleaxie ese 
‘with the axis of crystallisation. 

‘The principal plane re OE ae hr firesatel 
whether natural or arti ‘a plane drawn through the E 
angles to the face and pales to the optic axis. If 
the edges of the rhombohedron to be equal, the 


chog ; consequently, it is parallel to the principal plane at any pal 
adercn those two faces. For this reason medi is often called th 
plane with respect to those face. 


ordinary and the other the éxtraerdinary ray. The ordinary 9 
the Jaws of single refraction, that is, with respect to that my 
the angle of incidence bears a constant ratio to the sine of i 
refraction, and the plane of incidence coincides with the plane 
tion, Except in particular positions, the extraordinary ray fe 
of these laws, ‘The images corresponding to the ordinary and ex 
nary rays are-called the ordinary and exteaordinary:itmayges: 

Ifa transparent specimen of Iceland spar be placed over a: 
on a sheet of white paper, the two images will be seen. One of 
ordinary image, will seem slightly nearer to the eye than the other, 
ordinary image. Suppose the spectator to view the dot in a direst 
right angles to the paper, then, if the crystal, with the face still 
paper, be turned round, the edinary 
Sey image will describe a ci 

1g always in the direction of & 

peso supposing its edges to be of cqual length, In this case stb 
that the angle between the ordinary and extraordinary ray is 6° f2 

503. The laws of double refraction in a uniaxial erystal— 
phenomena are found to obey the following laws :—= 

i, Whatever be the plane of incidence, the ordinary ray always 
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° action (494). The refractive index for 
led the ordinary refractive index. 
to the optic axis the extraordinary 
cof single refraction. Combatant ria Pe 
has a constant refractive index, which is called the 


section the extraordinary ray follows the second 
etion, that is, the planes of incidence and refraction 
ratio of the sines of theangles of incidenceand refraction 


ities of light along the rays are unequal, Itcan be shown 
ce between the squares of the reciprocals of the velocities 
‘and extmordinary rays is proportional to the square of 

the angle between the latter ray and the axis of the crystal. 


y of the corresponding plane . If the velocities of the 
to the ordinary and extraordinary rays are 
between the squares of these velocities is pro- 


‘the normal to that plane wave which corresponds to the ex- 

y Fay ‘The normal and the ray do not generally coincide, 
hen eee Oey renetabie geometrical construction, by means 
¢ ‘of the refracted rays can be detennined when the 
tthe incideat rayand of the axis are known relatively to the 
Uber ‘This construction was not generally accepted by 
Wollaston and subsequently Malus showed its truth by 

measurements. 

and negative uniaxial erystal—The term extra- 


‘index has been defined in the last article, For the / 


index is Fae In this case 
exceeds the extraordinary index. When this is the 
foseaid to be negative. On the other hand, when the 
the ordinary index, the crystal is said to be 

ug list gives the names of some of the principal 






5 Negative Uniearéal Crystals, 
o spay Emerald 
| Spa tron Apatite 
) irmalin Pyromorphite 
t Ferrocyanide of potassium 
J oe Nitrate of sodiun 


Positive Unéaxtal Crystals. 
lee | 

‘Titanlite 
Boracite 





paca Ne 





> 
P a 
s : 
Selenite. Spas oft iron. 
When a ray of light enters a biaxial crystal, and p 






must be made, In «section of # crystal bh a 

line one ray follows the law of ordinary I 
right angles to the supplernentary line the other pf " 
ordinary refraction. 


INTERFERENCE AND DIFFRACTION, 


$06. Zaterference of Ught.—The name dntenferessee ¥ | 
teal action Which two luminous fays exert upon ¢ac 

are emitted from two neighbouring sources, and meet 

very small angle. Thisaction may ne observed by mean 
experiment. In the shatter of a dark room two 

made, of the same diameter, at a very slight d 

‘The apertures eal hy pieces of coloured 

‘by which two pencils of homogeneous tight are 

pale Gee two divergent luminous cones, which 

tance + they are received on a white screen & 7 
which they meet, and in the segment common 
form upon this screen some very well-defined 
black bands are seen. If one of the two ap 
disappear, and are replaced by an almost 

fact that che dark fringes disappear when one 

it Is concluded that they arise from the int 
which cross obliquely. 

‘This exporiment was first’ made by Grimaldi, b 
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d drawn from it the conclusion that light added to 
‘The full importance of this principle remained 


itan n esperimentam erucis of the truth of the undulatory 


‘experiment diffraction (597) takes place ; for the luminous 
‘by the edge of the aperture. In Fresnel’s experiment the two 
erfere without the possibility of diffraction. 

0 plane mirrors, AB and BC (fig. 476), of metal, are arranged close 





Te a6, 


‘other, so ns to form a very obtuse angle, ABC, which must be 
than 180°. A pencil of red light, which passes into the 
is brought, by means of a lens, L, to a focus F. On 
F the rays fall partly on AB, and partly on BC. If BA 
ced to P and FPF, is drawn at right angles to AP, and if PF, is 
sto PF, then the rays which fall on AB will, after reflection, 
as if they diverged from F,. If @ similar construction is made 
falling on BC, they will proceed after reflection as if they 
Fy, A little consideration will show that F, and F, are 
each other. Suppose the reflected rays to fall on 9 screen SS, 
at bere angles to their directl Every point of the 
receives light from both pencils is illuminated by two rays, 
from F,, the other from F,; thus the point H is illuminated by 
fasalso are Kand I. Now the combined action of these two 
‘is to form a series of parallel bands alternately light and dark on 
‘at right angles to the plane of the paper. This is the funda- 
phenomenon of interference, and that it results from the jorwt 
be of the twe pencils is plain, since, if the light which falls upon either 
te mirrors is cut off, the dark bands disappear. 
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Se 

for all points on the screen, such that the d 
tances from the two images equals the length 
undulations. If, on the other hand, the distances of | 
differ by the length of half an undalation, then 
reach K in exactly opposite phases. Cs 
Dede be communica at pny Sawant two 
undulation, an exact ET as eps 
natant ra ceieroaetee , 
at rest, or there would be darkness at that ty 
duced in a manner precisely 


resembling the 
already explained. The same will be true for all 
that the differences between its distances from Fy ar 
halves, or five halves, or seven halve te oa d 
ingly, there will be on the screen a succession 
dark points, o rather lines—for what Is mses 
paper (fig. 476) will be equally true of other p 
ass be 


dually from darkness to its greatest i 
second dark line, and so on. 

aes in ee 
violet light, an exactly similar phenomenon wi 
Signe priegeertagene liffer 


lines, Now these sets being 
ciding, the dark lines due to one colour are 
and instead of dark lines a succession of 
‘The number of coloured bands 
+ than the number of dark lines produced. 

at a small distance from re aniddle 


97, 
light undergoes when it passes the edge 
asmall aperture; a modification in virtue 
appear to become bent, and to penetrate into # 





Diffraction and Fringes. 523 
i is phenomenon may be observed in the following manner : A beam 


is allowed to ha small he” 
efi om Pea tar very aperture in the’ 


Fie an 


‘only to allow red light to opaque e screen, #, With a sharp 
behind the lens snd “oJ bee and intercepts one por- 
OF the luminous cone, while the other is projected on the screen 4, 
B represents a front view. ‘The following phenomena are now 
Within the geometrical shadow, the limit of which is represented 
Tine aA, a faint light is seen, which gradually fades in proportion 
farther from the limits of the shadow, In this part of the screen 
being above the line ad, might be expected to be uniformly illu 
‘@ series of alternate dark and light bands or fringes are seen 
to the line of shadow, which gradually become more indistinct 
disappear. The limi i 


‘quite sharp lines; there are parts of maximum and minimum 
‘ehich gradually fade off into each other. 

the colours of the spectrum give rise to the same phenomenon. but 

‘are broader in proportion as the light is less refrangible. 

*, with red light they are broader than with green, and with green 

with violet. Hence, with white light, which is composed of 


Brectcrs ts dark spaces of one tint overlap the light spaces of 
‘and thus a scries of prismatic colours will be produced. 

of placing the age of an opaque body between the light 

‘screen, a very narrow body be interposed, such as a hair or a 

lic wire, the phenomena will be different. Outside the space 

} to the geometrical shadow, there is a series of fringes, as 

former case. But within the shadow also there is a series of 

fight and dark bands. ‘They are called interior fringes, and 
narrower and more numerous than the external fringes. 

3 small opaque circular disc is interposed, its shadow on the 

m shows in the middie a bright spot surrounded by a series of 

concentric rings ; the bright spot is of various colours according 

positions of the disc and screen, The haloes some- 

sun and moon belong to this class of pheno- 

are due, as Fraunhofer has shown, to the diffraction of 

of fog in the atmosphere. Fraunhofer has even 

‘2 method of estimating the mean diameter of these globules from 

jens of the haloes. A beautiful phenomenon of the same kind 

by looking at a flare through lycopodium powder strewed on 





$24 On Light. 


598. Gratings.—Phenomena of diffraction of another class a 
duced by allowing the pencil of light from the luminous p 
traverse an aperture in an opaque sercen, The diffracted light ¢ 
received on a sheet of white paper, but the images are mueb beet 
through a small telescope placed behind the aperture. Ifthe ape 
very small, the telescope may be dispensed with, and the figure } 
viewed by placing the aperture before the eye. 

Some of the simpler apertures, such as straight lines, triangles, | 
or circles, may be cut out of tinfoil pasted on glass, Gratings | 
obtained either by a series of fine equidistant wires, or by carefi 
‘ona piece of smo pertures of any form may be pi 


| 
P 


oO 





Fig. 478. 


with great accuracy by taking on glass a collodion picture of a+ 
paper o2 which the required forms are drayn in black. 

Looking through any of these apertures, we see the luminou 
surrounded with coloured spectra of very various forms, and < 
beauty. 

The beautiful colours seen on looking through a bird's feath 
distant source of light, and the colours of striated surfaces, + 
mother-of-pearl, are due to a similar cause. 

The whole of these phenomena are in exact accordance with th: 
latory theory, but the explanation is in many cases difficult. 

‘The case of gratings is morc simple and important than the otht 
therefore shall be considered in detail. 

If a series of fine equidistant lines ruled on glass, or a series 
equidistant wires, be placed before the eye or before a telescope 
distant point or line of light be viewed through the grating thus ' 
we see on cach side of the bright point or line a series of equ 
spectra, all having their violet ends directed inwards. 


Newton's Rings. 325 

ap Jet us ia ores the telescope removed, 
received on 

2 ec Piccamecr sie hursingus point, AB the grating, and 


the following manner. ‘The ether in the trans- 

grating becomes simultaneously disturbed and 

light from O, The disturbance of each’ point 

origin of a spherical wave, as in art, $80, 

| produced at any point of the screen is the sum of the effects 

action of the waves thus proceeding from all the transparent 

n ‘Now, at the point o, which is equidistant from all parts of 

grating, all these waves will arrive in the same phase, and will, there 
reinforce each other, and give a bright point. 

At caher points, Af, on each side of o, whose distance from successive 
‘of the grating differ by one wave length, or any whole number 
Tengths, the vibrations will also arrive in the same phase, and 

brightness. But at intermediate points the vibrations will arrive 
Wifferene points of the grating in all phases, and will, therefore, 
ine each other and give rise to darknoss, 

(The fact that the spectra on each side of the central one are coloured 

es fromm “the wave lengths being different for different colours; and 
ent of the distances between the spectra corresponding to 
st colours affords the most accurate method of determining these 


& Colours of thin plates, Wewton's rtogs.—All transparent 
solids, Liquids, or gases, when in suffciontly fine lamin, appear 


Fle ae 


‘with very bright tints, especially by reflection. Crystals which 
‘easily, and can be attained in very thin plates,’such as mica and 
ie, show this phenomenon, which is also well seen in soap- bubbles. 
‘of oil =pread rapidly over a large sheet of water exbibits all the 

rs of the spectra in a constant order, A soap-bubble appears white 
But in proportion as it is blown out, brilliant iridescent colours 
expecially at the top, where it is thinnest, These colours are 
in horizontal rones around the summit, which appears black 
[ise enamel to reflect light, and the bubble then 


bursts. 

‘who first studied the phenomena of the coloured rings in soap- 
Wishing to investigate the celation between the thickness of the 
te, the colour of the rings, and their extent, produced them by 
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POLARISATION OF LIGHT. 


‘elarisation by double refraction.—It has been already seen (1 6°¢% 
en a ray of light passes through a crystal of Iceland spar, it ten «.¥% 
divided into two rays of equal intensity, viz. the ordinary ray, ee +/6 0 
extraordinary ray. These rays are found to possess other pecu- + ¢« rs. 
which are expressed by saying they are polarised, namely, the 2. ¢-«.. + 
ray in a principal plane, and the extraordinary ray in a plane at-1.11 She 
zles to a principal plane. The phenomena which are thus desig- wo22 2 
ay be described as follows :—Suppose a ray of light which has 

ne ordinary refraction in a crystal of Iceland spar to be allowed 

through a second crystal, it will generally be divided into two 

mely, one ordinary, and the other extraordinary, but of unegual 

és. If the second crystal be turned round until the two principal 

coincide, that is, until the crystals are in similar or in opposite 

s, then the extraordinary ray disappears. and the ordinary ray is 

catest intensity : if the second crystal is turned further round, the 

linary ray reappears, and increases in intensity as the angle in- 

while the ordinary ray diminishes in intensity until the principal 

ure at right angles to each other, when the extraordinary ray is 

‘eatest intensity, and the ordinary ray vanishes. These are the 

ena produced when the ray which experienced ordinary refraction 

Fst crystal passes through the second. If the ray which has ex- 

xd extraordinary refraction in the first crystal is allowed to pass 

the second crystal, the phenomena are similar to those above 

‘xd, but when the principal planes coincide, an extraordinary ray 

nerges from the second crystal, and when the planes are at right 

an ordinary ray alone emerges. 

: phenomena may also be thus described :—Let O and E denote the 

sand extraordinary rays produced by the first crystal. When O 

he second crystal, it generally gives rise to two rays, an ordinary 

id an extraordinary (Or), of unequal intensities, When E enters 

ind crystal, it likewise gives rise to two rays, viz. an ordinary (Eo), 
extraordinary (E2), of unequal intensities ; the intensities varying 

: angle between the principal planes of the crystals. When the 

J planes coincide. only two rays, viz. Oo and Ev, emerge from 

ind crystal, and when the planes are at right angles, only two rays, 

and Eo, emerge from the second crystal. Since O gives rise to 

ary ray when the principal planes are parallel, and E gives rise 

dinary ray when they are at right angles, it is manifest that O is 

to the principal plane in the same manner that E is related to a 

right angles to a principal plane. 

phenomenon, which is produced by all double refracting crystals, 

served by Huyghens in Iceland spar, and in consequence of a 

on of Newton's was afterwards called polarisation. It remained, 

an isolated fact until the discovery of polarisation by reflection 

the attention of physicists to the subject. The latter discovery 

de by Malus in 1808. 











feflected ray contin 

right angles to each 

the upper mirror, the intensity of et 
attains a maximum value rte ‘the su 


sation by reflettion so far as the 
best adapted for exhibiting the: 


plete. For glass this angle is 54° 
The lower ie ibd inclined at te 
would not ea tree! 
is beng partly rect fom the 
‘Such Lora aa e be partialéy 
warer is 52° 457; gee $7°32"; fo 
‘obsidian, a kind of volcanic al hereg! 
Light which fs reflected 
from a polished table, is all monet beh 
the atmosphere is frequently pol: 
periods of the day, when the solar 
Almost ail reficcting surfaces may be 
surfaces form, however, an important tion, 
Brewster has discovered the following | 
ence to the polarising angle — 


= 
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angle = Eerie Te of tncidence for whick 
Sel re SS aireg mips therehernd tay 

fig. 282, antag 4 is Sake incident, i the refracted, and 
Venaat ray, the polarisation Is 
iniplete when /f is at right angles 


ane of polarisation is the plane 
‘ction in which the light becomes 
fy it coincides with the plane of 
ee, and, therefore, contains the 
(ag angle. 
Polarisation by single refraction. 
fn an unpolarised Tuminous ray 
pon a glass plate placed at the Vig. a 
ing angle, one part is reflected ; the other part, in passing through 
§, becomes refracted, and the transmitted light is now found to be 
¥ polarised. If the light which has passed through one phate, and 
polarisation is No Maree be trinsmitted through a second plate 
(to the femthe Gah tie cts become more marked, and by ten or twelve 
ie pay, complete, A bundle of such plates, for which the 
Merlal is the glass used for covering microscopic abjects, fitted in 
fat the polarising angle, is frequently used for examining or pro- 
polarised light. 
ray of light fall at any angle on a transparent medium, the same 
bed with a slight modification. In fact, part of the light is reflected 
it refracted, and both are found to be partially polarised, eguad 
léer in cack being polarised, and their planes of polarisation being 
# angler fo each other.” 11 is, of course, to be understood that the 
bd portion of the reflected light is polarised in the plane of reflec- 
hich is likewise the plane of refraction, 
Potarising instraments. Every instrument for investigating the 
tes of polarised light consists essentially of two parts, one for 
log the light, the other for ascertaining or exhibiting the fact of 
(ving ondergone polarisation. ‘The former part is called the pola- 
te fatter the anal Thus in art, 6ot the erystal producing the 
Faction is the that producing the second refraction is the 
Tn ant, Goa, the mirror at which the first reflection takes place 
P that at which the second reflection takes place is the 
fe Some of the most convenient means of producing polarised 
Unow be described, and it will be remarked that any instrument 
‘be used as a polariser can also be used as an analyser, The ex- 
\ter has therefore considerable liberty of selection. 
Worremberg's apparatus. ‘I'he most simple but complete in- 
eer for polarising light is that invented by M. Norremberg. It 
\ased for repeating most of the experiments on polarised light. 
nsists of two rods 6 and @ (fig. 483), which support an un~ 
mirror, #, of ordinary glass, moveable about a horizontal axis, A 
AA 


" 








When the mirror # makes with the vertical 
is the complement of the polarising angle for, tana 
which meet the mirror at this angle, becom 
tn fr ng at w 
tion fur, After having passed. through tl 
falls upon the blackened glass me 
Siipaninl ceene nee eee r 
to which the mirror, m, is fixed, be turned 





pur- 

etc rece it parallel to the axis, When a ray of light 
such a plate, an ordinary ray and an extraordinary ray are 
polarised in planes ar right angles to each ather, viz. the former. 
ela to the plage parallel to the axis, and the latter 
angles to the axiz, The crystal possesses, however, 


certain thickness is used, the extmordinary ray 
‘other words, a beam of common light emerges from the 

of tourmaline polarised in a plane at right angles to the axis of the 
JE the light thus transmitted be viewed through another similar 
hold in 2 parallel position, little change will be observed, excepting 
the intensity of the transmitted light will be about equal to that which 
through a plate of double the thickness; but if the second tour- 
ibe slowly tumed, the tight will become feebler, and will ultimately 


refracting prisms of Zoeland spar.—When a ray of 

‘ordinary thombohedron of Iceland spar, the or- 

rays emerge parallel to the original ray, conse- 

tion of the rays is proportional to the thickness of 

tele is cut so that its faces are inclined to each 

the ordinary and extraordinary rays will be dif: 

Rawers pale, and thele separation willbe greater 
from the prism increases. The light, however, in 

he prism becomes decomposed, and the rays wil be 


aA 


y 





that the ray is polarised, and likewise fia 
609. Wteet's prism.—The Nicol’s 
means of poli 


“being entirely ean 


It is constructed out of a rhombohedron of 
in height and } of an inch im breadth, This is b 
which passes through the obtuse angles as shown | 
along the plane adcd (fig. 475). The two halves are 1 
the same order by means of Canada balsam. 

The principle of the Nicol's prism is this: the 


Pig. ts. 


Canada balsam 1549 is les than the ordinary, index 


1654, but greater than its extraordinary index 4 
a luminous ray, SC, fig. 487, enters po prism, th 
total reflection on the surface ad, and 

which it is refracted out of the crystal 
emerges alone. Since the Nicol’s prism 
ray to assy it gnay be used, like a tourmaline, 
polariser. 

610, 





it of the formation of nodes and loops given in 


c that the vibrations producing Night ure 
those producing sound. But this is by no means the case. 

ct, if art. 6o1 be examined, it will be found thar no assumption is 
which the vibrating particles move, and 

tanation is equally nie whether the particles vibrate 

on AB, BA, or at right angles to AB, As a matter of fact, 

“is the case with the vibrations producing sound, the Intter 

the vibrations producing light, In other words, the vibrations pro: 
‘sound take place in the direction of propagation, the vibration’ 


aban 
eke he is polarised, all the particles of ether in that ray 
in, straight lines lel to a certain direction in the front of the 
to the ray. 
of light enters a double refracting medium, such as’ Tce= 
it becomes divided into two, as we have already seen. Now 
man be shown to be in strict accordance with mechanical principles 
fs medium possesses unequal clasticity in different directions, a 
wave produced by transversal vibrations entering that medium will 
‘to two plane waves moving with different velocities within the 
ee vibrations of the particles in front of these waves will 
respectively to two lines at right angles to cach 
” Mas sts assumed in the undulatory theory of light, the ether exists 
refracting crystal in such a state of unequal elasticity, then 
plane waves will be formed as above described, and these havi 
| velocities, will give rise to two rays of. unequal 7 
ipare art. $89), This is the physical account of the phenomenon of 
e refraction, It will be remarked that the vibrations corresponding: 
‘worrays are transversal, rectilinear, and in directions perpendicular 
sh other in the rays respectively. Accordingly the same theory 
counts for the fact that the two rays are both polarised, and in planes 
t right angles to each other. 
Tt is & point still unsettled whether, when a ray of light is polarised 
respeet.to a given plane, the vibrations take place in directions 
‘perpendicular tothat plane. Fresnel was of the latter opinion. 
; ef, convenient in some cases to regard the plane of polarisa- 
‘that plane in which the vibrations take place. 


$ PRODUCED BY THE INTERFERENCE OF POLARISED LIGHT, 


100 of polarised rays.—Atter the dis- 
ja pant Iieafel sad’Atago tied whcthncr polarlscd reff 

d of Interference as ordinary rays, They 

2 Pari Seon xscreny 8¢ he flowing laws tn relerence Gs ts 
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interference of polarised light, and, at the same time, of the 
phenomena of colération, which will be presently described :— 

I. When two rays polarised in the same plane interfere with 
other, they will produce by their interference fringes of the very 
kind as if they were common light. 

II, When two rays of light are polarised at right angles to each 
they produce no coloured fringes in the same circumstances under 
two rays of common light would produce them. When the rays are 
larised in planes inclined to each other at any other angles, they 
fringes of intermediate brightness, and if the angle is made to change 
fringes gradually decrease in brightness from 0° to go®, and are 
obliterated at the latter angle. 

11], Two rays originally polarised in planes at right angles to 
other may be subsequently brought into the same plane of 
without acquiring the power of forming fringes by their interference. 

IV. Two rays polarised at right angles to each other, and 
brought into the same plane of polarisation, produce fringes by 
interference like rays of common light, provided they originated 
pencil the whole of which was originally polarised in any one plane. 

V. In the phenomena of interference produced by rays that have st 
fered double refraction, a difference of half an undulation must beallortk 
1s one of the pencils iy retarded by that quantity from some urkom 
cane, 

612, Bilect produced by causing = pencil of polarised rays © 
traverse a double refracting crystal.—The following impertant & 
periment may be made most conveniently by Norremberg’s appari 
fig. 483). Ate fig. 484) there is a Nicol’s prism. A plate of a doubt 
refracting crystal cut parallel to its axis is placed on the disc até lt 
tke first place, however, suppose the plate of the crystal to be removed 
‘Then, since the Nicol’s prism allows only the extraordinary ray to pas 
when it is turned so that its principal plane coincides with the plane 
reflection, no light will be transmitted (609). Place the plate of doubly 
refracting crystal, which is supposed to be of moderate thickness, m the 
path of the reflected ray at ¢. Light is now transmitted through 
Nicol's prism. On turning the plate the intensity of the transmied 
light varies ; it reaches its maximum when the principal plane of the 
plate is inclined at an angle of 45° to the plane of reflection, and de 
appears when these planes either coincide with or are at right angies 
cach other. The light in this case is white. ‘The interposed plate my 
be called the dipfolarising plate, ‘The same or equivalent phenctsa 
are produced when any other analyser is used. ‘Thus, assume the dexSe 
refracting prism to be used. Suppose the depolarising plate to be re 
moved. ‘Then, generally, two rays are transmitted ; but if the praca 
plane of the analyser is turned into the plane of primitive polansitiey 
the ordinary ray only is transmitted, and then, when turned through 9 
the extraordinary ray only is transmitted. Let the analyser be tumel 
into the former position, then, when the depolarising plate is interpoxd, 
both ordinary and extraordinary rays are seen, and when the depolarising 
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di the ordinary and extraordinary rays are seen 


the latter vanishing when the principal plane of the 
‘coincides with or is at right angles to the plane of 


of orystal is very thin.—lo 
Silay ake a he of sclenfte or eniox between the 
‘sistieth of an inch thick, and interpose it a¢ in the last 
artic! Hf he thickness of the film is uniform, the light now transmitted 
analyser will be no longer white, but of a uniform tint; the 
a a the tint being different for different thicknesses—for instance, 
green, or blue, or yellow, according to the thickness ; the intensity 
on the inclination of the prinefpal plane of the 
the plane of reflection, being greatest when the angle of inclina- 
45%. Let us now suppose the crystalline film to be fixed in that 
in which the light is brightest, and suppose its colour to be rad, 
(the Nicol's prism) be turned. round, ‘the colour will grow 
and when it has been turned through 45°, the colour disappears, 
‘Vight ts transmitted ; oa turning it Seis the complementary 
makes its appearance, and increases in intensity until the 
i rough 90°; after which the intensity dimi- 
‘until an angle of 155° is attained, when the light again vanishes, 
n ng the angle, it chanyes again into red. Whatever be they 


to the filate, the same series of phenomena will be observed, 
ng into its complementary when the analyser {s turned. 


‘Us analyser. In this case ¢wo rays are transmitted, each 
‘Goes through the same changes of colour and intensity as the 
ay described above, but whatever be the colour and intensity of 
ie ray in a given position, the other ray will have the same when 
Fhas been turned through an angle of go*. Consequently, 
rays give simultaneously the appearances which are succes: 
din the above case by the same ray at an interval of 90% 
“two rays are allowed to overlap, they produce white light; 
proving: their colours to be complementary, 
J of using plates of different thickness to produce different tuts, 
‘tay be employed inclined at different angles to the pola- 
“This causes the ray to traverse the film obliquely, and, in fact, 
to an alteration in its thickness, 
me substance, but with plates of increasing thickness, the 
; the Faws of the colours of Newton's rings (609). ‘The thick-(2 
the plate must, however, be different from that of the 
iy ake to the case of Newton’s rings to produce corresponding 
. ‘corresponding colours are produced by a plate of mica 
‘of air when the thickness of the former is about 4oo times 
Of the litter. In the case of selenite the thickness is about 250 
‘and in the ease of Iceland spar about 13 times, that of the cor- 
ng layer of air. 








‘ims.—In rept fith Norremberg’s 
nts wit 
‘Baye just been described (605), a pencil of Pantidcaye 


Vie a 


ems the film of crystal perpendicularly to its faces, and as all parts 
film act in the same manner, there is everywhere the same tint, 
the incident rays traverse the plate under different obliquities, 
comes to the same thing as if they traversed plates differing in 
coloured rings are formed similar to Newton's rings. 

pea and. ‘of observing these new phenomena is by means of 
pincelte, This is a small instrument consisting of two 

Parle to the axis, cach of them b being fitted in 4 copper 
“eng discs, which are perforated in the. centre, and blackened, 
din two rings of silvered copper, which is coiled, as shown in 
as hy form A spring, and press together the tourmalines, 

the disc, and may be so arranged that thelr 

ither Seeiecaer ‘or parallel, 

crystal 10 be experimented upon being fixed in thecentre of a cork 
between the two tourmalines, and the pincette is held before 
. was to view diffused light. The tourmaline farthest from the eye 
‘castes and the otheras analyser, If the crystal thus viewed is 
perpendicularly to the axis, and a homogeneous light— 

ce—is looked a, a series of alternately dark and red rings 

on. With another simple colour similar rings are obtained, but 
eter decreases with the refrangibility of the colour. On the 

and, the diameters of the rings diruinish when the thickness of the 
increases, and beyond a certain thickness no more rings are pro- 
‘Hf, instead of illuminating the rings by homogencous light, white 

d. as the sings of the different colours produced have not the 

r they are partially superposed, and produce very beilliant 


position af the erystal has no influence on the rings, but this is not 
rith the relative position of the two tourmalines. For instance, 
rearing on Iceland spar cut perpendicular to the axis, and from 
millimeters in thickness, when the axes of the tourmalines are 
j 2 beautiful series of rings is seen brilliantly coloured, and 

& black cross, as shown in fi, t, Plate II. If the anes of 

‘are parallel, the rings have tints complementary to those 

Ibe Gast, and there Ss. white cross (fig. 11, Plate 11), instead of a 
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i which have been described aré only obtiined by 

light. Hence a double refracting film, wth either 

a tourmaline as analyser, may be used to distinguish be- 
blarised and unpolarised light--that is, as a polariscope. 

Colours produced by compressed or by unannealed glass. — 

Y glass is not endowed with the power of double refraction. It 


Fig. 
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this property, however, if by any cause its elasticity becomes 
idified in one direction than in another. In order to effect this, 
© strongly compressed in a given direction, or it may be curved, 

tis to say, cooled after having been heated If the 
(hen traversed by a beam of polarised light, effects of colour are 
‘which are entirely analogous to those described in the case 
ly refracting crystals. They arc, however, susceptible of far 
fariety, according as the plates of glass have a circular, square, 
lary or triangular shape, and according to the degree of tension 
particles. 





the polariser is a mirror of black glass, on which the light of the 

and the analyser is a Nicol’'s prism, through which the 
Res traversed by polarised light are viewed, figs. 489, 499, 492. 
{ the appearances presented successively, when a square plate 
fessed glass is turned in its own plane; figs. g9r and 4o4 re 
the appearances produced by a circular plate under the same 
fnces; and fig. 403, that produced when one rectanguler plateis 
fed.on another. This figure also varies when the system of plates 











\ 
fessed and curved glasses present phenomena of the zane kind, 
fo vary under the same conditions 


oe 








seid Rhomb. San 
ir two rays is plane polarised. 2. If the rays are 
eee ere ecree ae 
example, if reference is made to arts. 612 and 613, it will be 
the rays denoted by © and E are superimposed in the manner 


‘Consequently, the light which Jeaves the depolarising 
i Ea If, however, the prinejpal plane of the 
hg plate is turned so as to make an angle of 45° with the plane 
ve polarisation, O and E have equal intensities ; and, if further, 
is made of a certain thickness, so that the phases of O and E 
[eras or by a quarter of a vibration, the light which emerges 
circularly polarised, This method may be eiployed to 
ay pariey light. 

ror aliptal polarisation may be eithersright-harided or left. 
‘what is sometimes called destrogyrate and Javexyrate. If the 
looks along the ray in the direction of propagation, from polar 
ilyser, then, if the particles move in the same direction as the 
t watch, with its face to the observer, the polarisation is right- 





feanct’s shomb.—This is a means of obtaining circularly 
We haye already scen (619) that, to obtain a ray of 
light, it is sufficient to decompose a ray of 
jin such a manner as to produce two rays of light of equal 
risedl in planes at right angles to each other, and. differing, 
Whs bya quarter of an undulation. Fresnel effected this by 
athomb, which has received his name. It is made of glass; 
inglesis 54%, andits obtuse 126%, If a ray, a, fig. 495, of plane = 
alld Paxpexiticularly onthe, face. AB, it will underga\two 
——— at an angle of about 54°, one at E, and the other 
icularly. 
any ABCD be inclined at an angle of 45° to the plane of 
mn, the polarised ray will be divided into two coincident rays, 
‘of polarisation at right angles 
and it appears that one of them 
ty a quarter of an undulation, so that 
ng from the rhomb the ray is citcu- 
fised. If the ray emerging as above 
snel's rhomb is examined, it will be 
iffer from plane polarised light in this, 
through a double refracting 
f and extraordinary rays are 
wensity in all positions of the prism. 
(it differs from ordinary light in this, 
assed through a second rhomb placed 
$ the first, a second quarter of an - 
‘will be lost, so that the parts of the ey 
lane polarised ray will differ by half an undulation, and the | 


il 


= 


a 





aise te reasoning similar to that employed in art. 619. ‘The 

will also show that the plane of polarisation will be 

the right or left, according as the right-handed or leftchanded 
pmores with the greater velocity, Moreover, the amount of the rotation 
‘on the amount of the retardation of the ray whose velocity is 

is to say, it will depend on the thickness of the plate of quarts. 

this manner the phenomena of rotatory polarisation can be completely 


O24. Coloration produced dy rotatory polarisation.—The mtation 

guy, se | different colours ; its magnitude depends on the re- 

‘greatest with the most refrangible rays. In the case 

iii t (reg in thickness will rotate the plane 17%, 

eee the same thickness will rotate it 44° in the case of violet 

with white tight there will, in each position of the anal; sing 

{as prism, be a greater or less quantity of each colour transmit 

case of a right-handed crystal, when the Nicol’s prism Sea o 

pricks, the colours will successively appear from the less refrangible to 
‘Tore so—that is, in the order of the spectrum, 
red to violet; with a left-handed crystal in 
reverse order. Obviously in turning the Nicol's 
40 the left, the reverse of these results will 


a ie cut perpendicularly to the 
Fareed J say of polarised ight is 
ubly refracting prism, wo brilliantly coloured images 
its aire complementary; for their images are partially 
jis position there is a white light (fig. 496). When the 
to right, the two images change colours, and as~ 
sero all the colours of the spectrum, 
tunderstood from what has been sald about the different 
ve oe sernaa (Quartz rotates the plane of polarisation for 
* for cach millimeter, and for violet 44°; hence from the great 
of these twoangles, when the polarised light which has traversed. 
filate emerges, the various simple colours which it contains are: 
in different planes, Consequently, when the rays thus trans- 
‘by the quarts pass through a double refracting prism, they are 
th decomposed into two others polarised ht angles to cach other: 
| naa jours are not divided in the same proportion be 
‘ordinary and extraordinary rays furnished by the prism ; the 
therefore, coloured ; but, since those which are wanting in. 
aie other, the colours of the images are perfectly com» 


ae 7 
hese phenomena of coloration may be well seen by means of Nerreme 
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‘berg’s apparat A cut at right angles to thea 
and eee pret harieec rep i the mirror, # (fg 4A) 


being then so inclined that a ray of polarised light passes rose eee] 
quartz, the latter is viewed through a refracting prism, yr; when chis ube 
is turned, the complementary images furnished by the passage of polariel 
Jight through the quarts are seen. 
625, Rotatory powor of Mquids.—Hiot has ae ‘that a great, out 
Der of liquids and solutions possess the property of rotatory polariation 
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He has further observed that the deviation of the plane of 
can reveal differences in the composition of bodies where none ©) 
hibited by chemical analysis, For instance, unerystalligable 
deflects the piane of polarisation to the left, while eane-sugar 
to the right, although the chemical composition of the two sugars 
same. 

The rotatory power of liquids fs far Tess rhan that of bee 
centrated syrup of cane-sugar, which possesses the 

highest degree, the power is yith that of quarte, so thar bee 
operate upon columns of liquids of considerable lengtt 

example. 

Fig. 497 represents the apparatus devised by Blot for ——— 
rotatory power of liquids, On a metal groove, g, fixed to @ suppow! 
a brass tube 20 centimeters long, in which is contained the liquid 


‘This tube, which is tinned inside, is closed at each end by 
by screw collars, At oris a mirror of black glass, in~ 
ng angle to the axis of the tubes def and i, so thatthe 

‘the mirror wt, in the direction di, is polarised, In the 

circled, inside the tube a, and at right angles to 
4da,is 9 double refracting achromatic prism, which cam be turned 
waiimn onan’ by means of a button, 1. 
fea limb, 6 on which is 4 vernier, to indicate th: 
Srl ers ; from the position of the 


is on the circle, &, ison this plane. 
fore plicing the tube uf in the groove g, the extraordinary image fir- 
Eby tho double refracting prism disappears whenever the limb ¢ cor- 
fds to the zero of the graduation, because then the double refracting 
(Is:s0 tarned that its principal section coincides with the plane of 
pats ‘This is the case also when the tube is full of water 
other snactitv liquid, like alcohol, ether, etc., which shows that the 
‘has not been turned, But if the tube be filled with 
Hon of cane-sugar or any other acféve liquid, the extraordinary image 
ars, and to extinguish it the limb must be tweed to a certain extent 
‘to the right or to the left of zero, according as the liquid is right 
Mor left-handed, showing that the polarising plane has been turned 
same angle, With solution of cane-sugar the rotation takes place 
right; and if with the same solution tubes of different lengths are 
{the rotation is found to increase proportionally to the length, in con- 
ly with art. 622 ; further, with the same tube, but with solutions of 
( strength, the rotation increases with the quantity of sugar dis- 
1, so that the quantitative analysis of a solution may be made by 

5 of its angle of deviation. 
this experiment emsenaee light must be used ; for, as the various 
© Meecen spectra have different rotatory powers, white light is decom- 
‘ip Gaversing an active liquid, and the extraordinary image does not 
pear completely in any position of the double refracting prism—it 
‘changes the tint, ‘The transition tint (626) may, however, be ob- 
‘To avoid this inconvenience, a piece of red glass is placed in the 
the eye and the double refracting prism, which only allows 
to pass ‘The extraordinary image disappears in thatease, when- 
section of the prism coincides with the plane of polari- 

of the red ray. 

Soleit's sacchurimoter,—M, Soleil has constructed an apparatus, 
{upon the rotatory pawer of liquids, for analysing saccharine sub- 


10 Which the name saccharémeter is applied, 
498 represents the saccharime! xed horizontally on its foot, 
499 gives a longitudinal section, with the modifications which have 


by M. Di 
principle of this instrument is not the amplitude of the rotation of 
‘of polarisation, as in Biot's apparatus, but that of compensation ; 
to say, a sccond active si nce is used acting In the opposite 





546 On Light. 


direction to that analysed, and whose thickness cam be altered 
contrary actions of the two substances completely neutralise cai 
Insicad of measuring the deviation of the plane of polarisation, ¢ 
ness is measured which the plate of quartz must have in order 
perfect compensation. 

‘The apparatus consists of three parts—a tube containing the 
be analysed, a polariser, and an analyser, 

The tube , containing the liquid, is made of copper, tinned « 
side, and closed at both ends by two glass plates. It rests on a 
4; terminated at both ends by tubes, * and @, in which are the 
used as analysers and polarisers, and which are represented ij 
(fig. 499). 





In front of the aperture, S (fig. 499), is placed an ordinary m 
lamp. The light emitted by this lamp in the direction of the 
meets a double refracting prism, r, which serves as poiariser (607 
ordinary image alone meets the eye, the extraordinary image bei 
Jected out of the field of vision in consequence of the amplitud 
angle which the ordinary makes with the extraordinary ray. The 
refracting prism is in such a position that the plane of polaris 
vertical, and passes through the axis of the apparatus. 

Emerging from the double refracting prism, the polarised ray! 
plate of quartz with double rotation ; that is, this plate rotates th 
both to the right and to the left. This is effected by constructing 
of two quartz plates of opposite rotation placed one on the other, 35 


[Pee 





Seen inerrant is vertical and in the same 

tus. These plates, cut perpendicularly to 

3°75 millimeters, corresponding to a rotation 

hbase rose-violet tint, called the fen of passage or transition 

‘As the quartz, whether right-handed or left-handed, turns always 
sume extent for the same thickness, it follows that the two quartz 

s, 2 and @, turn the plane of polarisation equally, one tothe right and 
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ether tothe left. Hence, looked at through a double refracting prism, 
present exactly the same tint. 

ng traversed the quartz, g, the polarived ray passes into the liquid, 

6 the tube wm, and then meets a single plate of quarts, é, of any thickness, 

of which will be seen presently. ‘The compensator, m, which de- 

‘the rotation of the column of liquid #2, consists of two quartz plates, 

the same rotation either to the night or the left, but opposite to that 

plated ‘These two quartz plates, a section of which is represented 

$00, are obtained by cutting obliquely a quartz plate with parallel 

Sas to form two prisms of the same angle, N,N’; superposing, then, 

two prisms, assbown in the figure, a single plate is obtained with 

faces, which can be varied at will, This is effected by fixing each 

toa slide, so as to move it in either direction without disturbing the 

ism. This motion is effected by means of a double rackwork and 
motion turned by a milled head, 6 (figs. 498, 499). 

moye in the ion indicated by the arrows 

Stis clear that the sum of their thicknesses increases, and that 

es when the plates are moved in the contrary direction. A 

anda vernier follow the plates in their motion, and measure the 

Ekness of the compensator. This scale, represented with its vernier 

501, has two divisions, with a common zero, onc from left to 

liquids, and another from right. to left for left- 


n the wernier is at zero of the scale, the sum of the thicknesses of 
NN’ is exactly equal to that of the plates, and as the rotation of, 








_ Polarisation of Host. 


oric acid, converted into uncrystallisable 
and 4 new determination is made, which, 
the quantity of crystallisable sugar. 
‘of crystals and lenses, o, gf, and @, placed behind 
4 Soleil calls the producer of sensible tints. 
‘most delicate tint, that by which a very feeble difference in the 
ation of the two halves of the rotation plate can be distinguished, is 
same for all eyes ; for most people it is of a violet bine tint, tile 
ossom, and it is important either to produce this tint or some other 
sensible to the eye of the observer, ‘This is effected by placing 
nt of the prism c, at first a quartz plate, v, cut perpendicular to the 
then a small Galilean telescope consisting of a double convex glass, 
double concave glass, /, which can be approximated or removed 
each other according to the distance of distinct vision of each ob- 
n ‘Lastly, there is a double refracting prism, c, acting as polariser 
reference to the quartz, and the prism a as analyser; and hence, when 
Aatier is turned either right or left, the light which has traversed the 
and the plate ¢, changes its tint, and finally gives that which is 
ost delicate for the experimenter, 
y. Analysis of diapetic urine.—-[n the disease diaieles, the urine 
4 large quantity of fermentescible sugar, called diabetic sugar, 
th the natural condition of the urine turns the plane of Polarisation 
the right. Yo estimate the quantity of this sugar, the urine is first 
fled by heating it with acetate of lead and filtering; the whe is filled 
th the clear liquid thus obtained; and the milled head, 4, turned, until 
3 ‘of the double rotating plate the same tint is obtained as before 
5 te of the urine, Experiment has shown that too parts of 
scale represent the displacement which the quart 
stors must have when there are 225°6 grains of sugar Ina litre; 
ce cach division of the scale represents 2-256 of sugar. Accordingly, 
beains the quantity of sugar in a given urine, the number indicated by 
‘at the moment at which the primitive tint reappears must be 
by 2256. 
Polarisation of heat—The rays of heat, like those of light, may 
“polarised by reflection and by refraction. The experiments on 
bject are difficult of execution; they were first made by Malus and 
the death of Malus they were continued by the 


‘the calorific rays reflected from one mirror were 

etic fast in Norremberg’s apparatus; from the second 

‘@ small metallic reflector, which concentrated them upon 

adifferential thermometer. Berard observed that heat was 

dwhen the plane of reflection of the second mirror was at 

es to that of the first. As this phenomenon is the same as that 

by light under the same circumstances, Berard concluded that 
polarised in being reflected, 

double refraction of heat may be shown by concentrating the sun's 

yy means of a heliostate ona prism of Iceland spar, and investigating 
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the resultant pencil by means of a thermopile, which must have: 
narrow edge. In this case also there is an ordinary and an extract 
ray, which follows the same laws as those of light. In the optic 
the calcspar, heat is not doubly refractive, A Nicol’s prism can | 
for the polarisation of heat as well as for that of light : a polari: 
does not traverse the second Nicol if the plane of its principal se 
perpendicular to the vibrations of the ray. The phenomena of th 
isation of heat may also be studied by means of plates of tou 
and of mica. The angle of polarisation is virtually the same for 
for light. In all these experiments the prisms must be very ne: 
other. 

The diffraction, and therefore the interference, of rays of Ix 
recently been established by the experiments of Knoblauch and 
And Forbes, who has repeated Fresnel’s experiment with a rhombc 
of rock salt, has found that heat by two total internal reflections i 
larly polarised just as is the case with light. 
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ON MAGNETISM, 


CHAPTER f. 
TROPERTIES OF MAGNETS: 


| Mataral and artidoial magnots.—Magne/s sire substances which 
ibe property of attracting iron, and the term mrayuciism is applied 
‘cause of this attraction, and to the resulting phenomena. 
fe property was known to the ancients; it exists in the highest 
& imam ore of iron which is known in chemistry as the magnetic 
‘of irom. I= composition is represented by the formula Fe, O,, 
b magneticwxide of iron, or Zadestone, as ic is called, was first found 
ignesia, in Asia Minor, the name magnet being derived from this 
fetance, The name lodestone, which is apphed to this natoral 
Ht, was given on account of its being used when suspended as a 
Igor leading stone, from the Saxon /ardwr,to lead ; 30 also the word 
fi. Lodestone is very abundant in nature: it’ is met with in the 
|geological formations, especially in Sweden and Norway, where it 
Iked a9 an iron ore, and furnishes the best quality of iron. 
leo a baror needle of stecl is rubbed with a magnet, it acquires 
tle properties, Such bars are called artificial magnets; they nre 
than natural magnets, and as they are also more con- 
At, they will Le exclusively referred to in deseribing the phenomena 
ignetismn 5 the beat modes of preparing them will be explained in a 
quent article. 
| Poles and neutral line.~-When a small particle of soft iron 
hded bya thread, and a magnet is approached to it, the iron is 
ited towards the magnet, and some force is required for its removals 
force of the attraction varies in different parts of the magnet: itis 
tat the two ends, and js totally wanting in the middie. 
variation may also be scen yery clearly when a magnetic bar is 
iim iron filings: these become arranged rownd the ends of the bar 
Ithery tufts, which decrease towards the middie of the bar, where 
lare one, That part of the surface of the bar where there is no 
E magnetic force is called the wewtral fine; anc the points near the 
fof the bar where the attraction is greatest: are called the pales. 
fmagnet, whether natural or artificial, has wo poles and a tieutral 
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line : sometimes, however, in magnetising bars and needles, 
produced lying between the extreme points. Such magnets are; 
and these points are called éntermédtaieor conseguent poles, Th 
line joining the two poles is termed the aris of the magnet; ip 
shoe magnet the axis is in the direction of the keeper. The 
right angles to the axis of a bar magnet and passing through t 
line is sometimes called the egwader of the magnet. 

We shall presently see that a freely suspended magnet a) 
with one pole pointing towards the north, and the other tor 
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south, ‘The end pointing towards the north is\called in this 0 
north pole, and the other end is the south pole, The end of the 
needle pointing to the north is also sometimes called the marh 
the needle, 

631. Mutual action of two poles.—The two poles of a magn 
identical when they are bn 
contact with iron filings, 
identity is only apparent. Fo 
small magnetic needle, ab (fg 
suspended by a fine thread, 
north pole, A, of another 1 
brought near its north pole, 4, 
sion takes place. If, on the: 
A is brought near the south p 
the moveable needle, the 
strongly attracted. Hence 
poles, @ and 4, are not iden 
one is repelled and the other 
by the same pole of the mz 
It may be shown in the same 
that the two poles of the latter 
different, by successively pt 
them to the same pole, a, of the moveable needle. _In one case 
repulsion, in the other attraction, Hence the following law 
‘enunciated : 

Poles of the same name repel, and poles of contrary name att 
another. 

‘The opposite actions of the north and south poles may bes 
the following experiment :—A piece of iron, a key for example 
ported by a magnetised bar. A second magaetised bar of t 
dimensions is then moved along the first, so that their poles are 
(fig. 505). The key remains suspended so long as the two pol 
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be case, forthe key would be-again supported if the first magnet were 
ted to it after the removal of the second. bar. 

fattraction which 2 magnet exerts upon iron is reciprocal, which is 
da general principle of all attractions. It is easily verified by pre- 
(ga mass of jron toa moveable magnet, when the latter is attracted. 
| Hypothesis of two magnetic aulds—In order to explain the 
of magnetism, the existence of two hypothetical magwetic 
‘Bas been assumed, each of which acts repulsively on itself, but 
the other fluid. ‘The fluid predominating at the north pole of the 
Js called the worth fluid, and that at the south pole, the south 
[Whe term ‘fuid” isapt to puzzle beginners, from its ambiguity. 
ieiy se of a age is associated with 2 fluid ; hence the use of 
oy eee phenomena of magnetism and electricity has 
prevailing impression of the material nature of these 
The word fluid, it must be remembered, embraces gases as 
Hiquids, and here it must be pictured to the mind as representing 

le, elastic, ese or shell surrounding the particles 
is assumed ome before magnetisation, these fluids are combined — c 
molecule, and mutually neutralise each other; they can be 









and can arrange themselves round the molecules to which they, 

‘Dut cannot be removed from them, cys 
‘of the two fluids is very convenient (n ‘explaining mag. 
1, and will be adhered to in what follows. Hutit must not 
‘asanything more than an hypothesis, and it will afterwards 
that magnetic phenomena appear to result fromelectrical eur 
in magnetic bodies ; a mode of view which connects the 

y of magnetism with that of electricity. 
Aofinition of poles —By the aid of the preceding hypo 
‘are enabled to obtain a clearer idea of the distribution of the 
tis in a magnetised har, and to aceount for the circumstance that 
‘Bo free ism inthe middle of the bar, and tharit is strongest 
(poles. If AB (fig. 506) represent a magnet, then the alternate black 
‘Spaces may be taken to represent the position of the magnetic 
(i a series of particles after magnetisation; in accordance with what 
- BB 














by the induence of a force greater than that of their mutual §. 








554 On Magnetism. ™ 
has been said, the white spaces, representing: the south | fluid, all poi 


one direction, and the north fluid in the opposite direction. ‘The last! 
widins 
4 
a a’ om 
See 
+ Fig. 506, 


‘of the terminal molecule at one end would have north polarity, and. 
other south polarity. Let N represent the north pole of a magnetic 
placed near the magnet AB ; then the south fluid, s, in the terminal 
cule would tend to attract N, and the north fluid » would tend to 

but as the molecule of south fluid s is nearer N than the molecaled! 
fluid , the attraction between s and N would be greater than the 
between » and N. Similarly the attraction between s° and N 
greater than the repulsion between a’ and N, and so on with the| 

s” and 1’, etc. And all these forces would give a resultant 
attract N, whose point of application would have a certain fixed pus 
which would be the south pole of AB. In like manner it might besbat 
that the resultant of the forces acting at the other end of the bar sab 
form a north pole, and would hence repel the north pole of the needle, 
would attract its south pole, 

That such a series of polarised particles really acts like an ordi 
magnet may be shown by partly filling a glass tube with steel filings, 
passing the pole of a strong magnet five or six times along the outside 
one constant direction, taking care not to shake the tube. The indivi 
filings will thus be magnetised, and the whole column of them 
to a magnetic needle will attract and repel its poles just like an ordi 
bar magnet, exhibiting a north pole at one end, a south pole at the otil 
and no polarity in the middle ; but on shaking the tube, or turning oat 
filings, and putting them in again so as to destroy the regularity, ew 
trace of polarity will disappear. 

It appears hence that the polarity at each end of a magnet is caused! 
the fact that the resultant action on a magnetic body is strongest near! 
ends, and does not arise from an accumulation of the magnetic fluids 
the ends. 

The same point may be illustrated by the following experiment, wil 
is due to Grove, * Ina glass tube with flat glass ends is placed water 
which is diffused magnetic oxide of iron. Round the outside of thets 
is coiled some insulated wire. On lookingat a light through the tubet 
liquid appears dark and muddy, but on passing a current of electric 
through the wire it becomes clearer. This is due to the particles sett 
with their longest dimension parallel to the axis of the tube, in wi 
position they obstruct the passage of light to a less extent. 

634. Mxperiment with broken magnets.—That the magnetic 
are present in all parts of the bar, and not simply accumulated at the et 
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from the following experiment. A steel knitting-needle is 
‘bg friction with one of the poles of a magnet, and then, the 
[pence ‘of the two poles and of the neutral line having been ascertained 
| tymeans of iran filings, it is broken in the middle. But now, on present= 
bg soccessively the two halves to a magnet, cach will be found to possess 
bro opposite poles and a neutral linc, and in fact is a perfect magnet, If 
Bee new magnets are broken in turn in two halves, each will be a com= 
“Pléte magnet with its two poles and neutral line, and so on, as far as the 
| division can be continued. It is, therefore, concluded by analogy. that 
the smallest parts of a magnet, the ultimate molecules, contain the two 











. Magnetic induction.—When a magnetic substance is placed in 
with a magnet, the two fluids of the former become separated ; 
so feng as the contact remains, it is a complete magnet, having its 
peand its neutral tine, For instance, if a small cylinder of soft 
eA 507), be placed In contact with one of the poles of a magnet, 
can in turn support a second cylinder; this in turn a third 






— 
& 
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#0 om, to as many as seven or cight, according to the power of the 

net. Each of these little cylinders isa magnet ; if it be the north pole 
Magnet to which the cylinders are attached, the part @ will have 
h,and # north magnetism ; will in like manner develope in the nearest 

d of the next cylinder south magnetism, and soon. But these cylinders 
mi apts so long as the influence of a magnetised bar continues, 
G ‘the first cylinder be removed from the magnet, the other cylinders 
e cop, and retain no trace af magnetism, The separation of 

& only momentary, which proves that the magnet yields 

tothe iron. Hence we may have éemporary magncts as well as 

u + the former of iron and nickel, the latter of steel 


action, in virtue of which a magnet can develope magnetiem in 
called magnetic induction or influence, and it can take place 
contact,between the magnet and the iron, as is seen in the 
‘experiment. A bar of soft iron is held with one end near a 
needle. If now the north pole of a magnet be approached to the 
feithiout touching i it, the needle will be attracted or cepelled, aceord~ 
@ its south or north pole is near the bar, For the north pole of the 
will dence south magnetism in the end of the bar nearest it, 
therefore north magnetism at the other end, which would thus 
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TERRESTRIAL MAGNETISM. COMPASSES. 


63% Directive action of the carth on magnets—When 2 mag- 
needle is suspended by a thread, as represented in fig. 504, oF 

placed on a pivot on which it can move freely (fig. 508), it 
ilhimately sets in a position which is more or tess north and south. If 

femoved from this position, it always re- 

tens to it after a certain number of oscil- fy 





“Analogous observations have been made 
different parts of the globe, from which 
be earth has been compared to an im- 
magnet, whose poles are very near 
terrestrial poles, and whose neutral 
ine varuaally coincides with the equator, 
“The polarity in the northern hemisphere 





tutkern or austral polarity. In French sy 

(orks the end of the needle pointing Ne om 

teeth 6 called the awstra/ or southern pole, and that pointing to the south, 

he ferent or northern pole; adesignation based on this hypothesis of # 

e magnet, and on the inw that unlike magnetisms attract each 

the In practice it will be found more convenient to use the English 

mes, and call that end of the magnet which points to the north the 

‘pete, and that which points to the south the south pole, ‘That end 

the needle pointing north is in England sometimes spoken of as the 
‘end of the needle. 

63) Terrestrial magnetic couple, From what has been stated, it is 

that the magnetic action of the earth on a magnetised needle may 

ee toa comple, thut is, to a system of two equal forces, parallel, 

in contrary directions, 

For let ad (fig. $09) be a moveable magnetic needle making an angle 

the magnetic meridian MM’ (640). ‘The earth's north pole acts 

‘on the marked pole, a, and repulsively on the other pole, 6, 

timo contrary forces are produced, am, and dn’, which are equal and 

for the terrestrial pole is so distant, and the needle so small, a¢ 

fy the assumption that the two directions av and dn’ are parallel, 

‘that the two poles are‘equidistant from the earth's north pole, But 

‘earth's south pole acts similarly on the poles of the needle, and pro- 

two other forces, ax and 6s’, which are also equal and parallel, but 

SE two forces av and at may be reduced to a single resultant aN (33), 

fd the.forees An’ and ds’ to a resultant 45; these two forces aN and 0S 
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needle, The decination is said to be cast ar test, 
‘as the north pole of the needle is to the east or west of the 
ai 


egraphical. 

\&h Variations io declination.—The declination of the magnetic 
Weolle, which varies in different places, is at present west in Europe and 
Africa, bur east in Asia and in the greater part of North and South 
Mterica. It shows further considerable variations even in the same 
ice; these variations are of two kinds; some are regular, and are 
filer secular, annual, or diurnal; others, which are irregular, are called 
leturdations or magnetic storms, 


Steular varistions.—In the same place, the declination varies in the 
furse of time, and the needle appears to make oscillations to th cast 
“west of the meridian, the duration of which is several centuries. “The 
ion has been known at Paris since 1580, and the following table 
{Presents the variations which it has 
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‘This wible shows that since 1580 the declinatian has varied at Paris as 
34°, and that the greatest westerly declination was attained in 
beg, since which time the needle has gradually tended towards the est. 
London, the needle showed in 1580 an east declination of 11° 36°; 
1664 it was at xero ; from that time it gradually tended towards the 
tet, and reached its maximum declination of 24° 41° in 1813; since then 
has steadily diminished; it was 22° 30’ in 1850, and is now (1873) 
Ww 
feyaean and Dover the variation is about 40’ Jess than at London; 
| Hall and Southampton about 20’ greater ; at Newcastle and Swansea 
Pout 1° 15°, and at Liverpool 1° jo’, at Edinburgh 2* s’, and at Glasgow 
1d Dublin about 2° 35’, greater than at London. 
"Phe following are the observations of the magnetic clements at Kew 
it the last six years, 
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Mariner's Compass. 563 | 


for cylindrical case, which to keep the compass in a horizontal 
‘in spite of the rolling of the vessel, is supported on gimbals. 
are two concentric rings, one of which attached to the case itself 


Fig. sx 


Qves about the axis @ which plays in the outer ring AB, and this moves 
the supports PQ, about the axis mx at right angles to the first, 

Jn the bottom of the box is a pivot, on which is placed, by means’of an 
ate cap, a magnetic bar a, which is the needle of the compass, On 
is fixed a dise of mica, a little larger than the length of the necdls, 





Vig. se 


which is traced a star or rose with tllirty-two branches, making the 
ta points or réuemés of the wind, the demi-rhumbs and the quarters, 
le branch ending ina small star and called N, corresponds to the bar 
which is underneath the disc, 
is placed near the stern of the vessel in the dfnnucte, 
the direction af the compass in which the ship is to be steered, 
pilot has the rudder turned till the direction coincides with the sight 
passing through a line marked on the inside of the box, and 
fille! with the Keel of the veesel. 
{either the inventor of the compass, nor the exact time of its invention, 
nown. Guyot de Provins, a French poct of the twelfth century, first 
itions the use of the magnet im navigation, though it is probable that 
[Chinese long before this had used it. The ancient navigators, whe 
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the strength of the earth's magnetism is measured, become fewer and 
fewer as the magnetic poles are approached, although there is really an 
increase in the total force of the earth. 

Again, the reason why a dipping-needle stands vertical when placed E. 
and W. is clearly because in those positions the horizontal force now 
acting at right angles to the plane of motion of the needle is ineffectual to 
‘move it, and therefore merely produces a pressure on the pivot which 
supports the needle. But the vertical component of the total force 
remains unaffected by the new position of the needle. Acting, therefore, 
entirely alone when the dipping-needle is exactly E. and W., this vertical 
component drags the needle into a line with itself, that is, 90° from the 
borizontal plane. 

The value of the dip, like that of the declination, differs in different 
Jocalities, It is greatest in the polar regions, and decreases with the 
Lhtitude to the equator, where it is approximately zero, In London at 
‘the present time, 1813, the dip is 67° 49’, reckoning from the horizontal 
He. In the southern hemisphere the inclination is again seen, but in a 
contrary direction, that is, the south pole of the necdle dips below 
‘the horizontal line. 

‘The magnetic poles are those places in which the dipping-needle stands 
vertical, that is, where the inclination is 90°. In 1830 the first of these, 
‘the terrestrial north pole, was found by Sir James Ross in 96° 43’ west 
‘ongitude and 70° north latitude. “The same observer found in the South 
‘Sea, in 76° south latitude and 168° east longitude, that the inclination was 
‘88° 37’. From this and other observations, it has been calculated that 
‘the position of the magnetic south pole was at that time in about 154° 
east longitude and 754° south latitude. 

The line of no declination passes through these poles, and the lines of 
‘equal declination converge towards them. 

The magnetic equator or actinic line is the line which joins all those 
laces on the earth where there is no dip that is, all those in which the 
‘“lipping-needle is quite horizontal. It is a somewhat sinuous line, not 
s<liffering much from a great circle inclined to the horizon at an angle of 
a’, and cutting it on two points almost exactly opposite each other, one 
iin the Atlantic, and one in the Pacific. These points appear to be 
agradually moving their position, and travelling from cast to west. 

Lines connecting places in which the dipping-needle makes equal 
angles are called isoclinic Lines. 

Plate IV. is an inclination map for the year 1860, the construction of 
cwhich is quite analogous to that of the map of declination. 

‘The inclination is subject to secular variations, like the declination, as 
iis readily seen from a comparison of mapsof inclination for different epochs. 
Ax Paris, in 1671, the inclination was 75° ; since then it has been continually 

reasing, and in 1859 was 66° 14’. In London also the dip has con- 
inually diminished since 1720 by about 2:6’ per annum. In 1821 it was 
Jo? 3/5 in 1838, 69° 17's in 1854 it was 68° 31’; in 1859 it was 68? 21°; it 
is now (1873) 67° 49’. It is also subject to slight annual and diurnal 
‘variations, as we have said ; being, according to Hanstein, about ts/ 
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centre of gravity is below or above the centre of suspension ; for in the 
first case the action of gravity is in the same direction as that of mag- 
retism, and in the second is in the opposite direction. To correct this 
error, the poles of the necdle must be reversed by first demagnetising it, 
and then imparting a contrary magnetism to what it had at first. The 
inclination is now redetermined, and the mean taken of the results ob- 
tained in the two groups of operations, ili, The plane of the ring may 
tot coincide with the true magnetic meridian, It should be in that plane 
when the needle has its minimum deviation ; an observation of this kind 
should therefore be taken along with that previously described, by which 
the needle is moved go® from its maximum deviation. 

649. Astatic needle and astatic system.—An astulic needle is one 
which is uninfluenced by the earth's magnetism. A needle moveable 
about an axis in the plane of the magnetic meridian and parallel to the 
inclination would be one of this kind; for the terrestrial 
magnetic couple acting then in the direction of the 
axis cannot impart to the needle any determinate 
direction. 

An astatic system is a combination of two needles 
of the same force joined parallel to each other with 
the poles in contrary directions, as shown in fig. 
517. If the two needles have exactly the same 
magnetic force, the opposite action of the earth's 
magnetism un the poles a’ and 6 and on the pole: 
4 and é counterbalance each other ; the system 
then completely astatic, and scts at right angles to 
the magnetic meridian. 

Assingle magnetic needle may also be rendered astatic by placing a 
magnet near it. By repeated trials a certain position and distance can be 
found at which the action of the magnet on the ncedle just neutralises that 
of the earth’s magnetism, and the needle is free to obey any third force. 

650. Zmtensity of the earth's magnetism.—If a magnetic necdle be 
moved from its position of equilibrium, it will revert to it after a scries of 
oscillations, which follow laws analogous to those of the pendulum (753. 
If the magnet be removed to another place, and caused to oscillate during 
the same length of time as the first, a different number of oscillations will 
be observed. And the intensity of the earth's magnetism in the two 
places will be respectively proportional to the squares of the number of 
oscillations. 

If at M the number of oscillations in a minute had been 25 =, and at 
another place, M’, 24=1’, we should have— 














Intensity of the earth’s magnetism at M_ 1? 
Intensity of the earth’s magnetism at M’~ 1’ 576 


That is, if the intensity of the magnetism at the second place is taken as 
1085. If the magnetic condition of the needle 
had not changed in the interval between the two observations, this 
method would give the relation between the intensities at the two places. 
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In these determinations of the intensity, it would be necessary two ha 
the oscillations of the dipping-needle, which are produced by the whi 
force of the earth's magnetism. ‘These, however, are difficult to obt) 

with accuracy, and, therefore, the oscillations of the declit 
tion needle ate usually taken, The force which makes | 
declination needle oscillate is only a portion of the 19 
magnetic force, and is smaller im proportion as the india 
tion is greater. If the line a¢ (fig, §18)=M represents # 
total intensity, the angle 7 the inclination, then the horiesn} 
component ad“ -—="‘Henee, to express the — 





in the two pla scillations of the declination: 
we must subs preceding equation the raluet, 
cos #and M’) and M’‘, and we have — 
M cos #, Mat cos 
M’ cos?” "MW cos i” 
‘That is to say, having ob vo different places the number 
oscillations, and »’, that eedle makes in the same time, #1 
ratio of the magnetic force in... --_ ,/laces will be found by multiply 


the ratio of the square of the number of oscillations by the inverse rill 
of the cosine of the angle of inclination. 

The magnetic intensity increases with the latitude. Humboldt found 
point of minimum intensity on the magnetic equator in Northern Pen 
This value is frequently taken as the unit to which magnetic intensities 
other places are referred, as in the following table :— 


Locality Date Latitude pe 
St. Anthony... 1802 0° 1087 
Carthagena . 0. . 1808 1025 N. 1-294 
Naples... +... 1805 4050 1774 
Paris... 5s 180048552 38 
Berlin... ws 1829 5251 1366 
Petersburg .  .  . 1828 59°66 1410 
Spitebergen .  . 5. 1823, 79°40 1567 


According to Gauss the total magnetic action of the earth is the sam 
as that which would be exerted if in each cubic yard there were eight bu 
magnets each weighing a pound, 

The lines connecting places of equal intensity are called ‘sodynemi 
tines, They are not parallel to the magnetic equator, but appear to hart 
about the same direction as the isothermal lines. 

According to Kuppfer, the intensity appears to diminish at greale 
heights ; a needle which made one oscillation in 24” vibrated more slow} 
by ovo1” at a height of 1,000 feet ; but, according to Forbes, the intensity} 
is only ;ahg less at a height of 3,000 feet. 

‘The intensity varies in the same place with the time of day ; it attain 
its maximum between 4 and 5 in the afternoon, and is at its minimsa 
between ro and 11 in the morning. 

It is probable, though it has not yet been ascertained with certaiaty 
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the intensity undergoes secular variations, From measurements of 
tea force made monthly at Kew between 1857 and 1862, it appeared 
the total force experienced a very slight annual increase. 
‘the Jast few years great attention has been devoted to the ob- 
3 of the eana elements, and observatories for this purpose 
Ebeen fitted up in different parts of the globe. These observations 
= lex to the discovery that the magnetisin of the earth is in a state of 
dant fluctuation, like the waves of the sen. And in studying the 
tions of the declination, etc, the mean of a great nuinber of obser- 
‘ns must be taken, 30 as to climinate the irregular disturbances, and 
out the general laws, 
observations made in the English magnetic observatories have been 
(eed by Sabine, and have revealed some curious facts in reference to 
magnetic storms. He finds that there is a certain periodicity in their 
‘arance, and that they attain their greatest frequency about every ten 
%. Independently of this, Schwabe, 1 German astronomer, who had 
ied the subject many years, has found that the spots on the sun, séen 
booking at it through a coloured glass, vary in their number, size, and 
bency, but attain their maxitnum between every ten or eleven years. 
€ Sabine has established the interesting fact that the period of their 
(test frequency comecides with the period of greatest magnetic disturb- 
& Other remarkable connections between the sun and terrestrial 
tism have been observed ; one, especially, of recent occurrence, has 
ited considerable attention. It was the aight of a large luminous 
# Across 2 vast sun spot, while a simultaneous perturbation of the 
fRetic needle was observed in the observatory at Kew ; subsequent 
fnination of magnetic observations in various parts of the world 
ved that within a few hours one of the most violent magnetic storms 
{known had prevailed. 
fagnetic storms are nearly atways accompanied by the exhibition of 
Surora borealis in high latitudes; that this is not universal may be 
‘to the fact that many auroras escape notice. The converse of this is 
;that no great display of the aurora trkes place without a violent 
{Metic storm. 





CHAPTER 111. 
LAWS OF MAGNETIC ATTRACTIONS AND REPULSIONS. 


(1. Law of decrease with distance.—Coulomb discovered the re- 
ible law in reference to magnetism, that magnetle attractions and 
Usions are inversely as the square of the distances. We proved this by 
‘of two methods =—(i.) that of the torsion balance, and (ji.) that of 


1, The torsion balance.This apparatus depends on the prin- 
hal, when w wirclistwistcd through a certain space, the angle of 
{s'proportional to the force of torsion (84). It consists (fig. 519) 
{glass case closed by a glass top, with an aperture near the edge, to 


Fig. 19. 
the needle stops at zero of the graduati 
being now replaced, is cxactly in the n 
‘exerts no torsion. 

Before introducing the magnet, A, Ie is n 
action of the earth's magnetism on the n 
moved out of the magnetic meridian. This 
and force of the needle, with the dimensions and 
wire used, and with the intensity of the earth's ¢ 
observation. Accordingly, the piece ¥ is tumed 
angle with the magnetic meridian. Coulomb fo 
that E had to be turned 35° in order to move 
is, the earth's magnetism was equal toa tors 0 
1035" As the force of torsion is proportional to 
the needle is deficcted from the meridian by 
directive action of the earth's magnetism 

The action of the earth's magnetism 


through 24°, Now the force which 
magnetic meridian was represented by 24°4 
part 24° wits due to the torsion of the sire, 
lent in torsion of the directive force of 
needle was in equilibrium, it is clear that 





~~ 
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Thove forces must be equal to 864° The disc was then 

tatil 2d made an angle of 12° To cffect this, eight complete 
‘of the disc wert necessary. The total force which now tended 

the needle Into the magnetic meridian was composed of :—1st, 

12° of torsion by which the needle was distant from its starting point; 
‘of 1 360"= 28, the torsion of the wire; and, sed, the force of the 
magnetiam, represented by a torsion of 12" 55° Hence, the 





Broftorslon which balance the repulsive forces exerted at a distance 
P and of 12° are— 
12? . 


« g3lz 
(om, 33 5312 is very nearly four Hives Bg; hence; for balf she diesen 
repulsive force is fous times as great, 
ii, Method of esctiitations.—A magnetic needle oscillating 
the influence of the earth’s magnetism may be considered as a 
lurn, and the laws of pendulum motion apply to it. The method of 
consists in causing a magnetic needle to oscillate first under 
of the earth's magnetism alone, and then successively under 
combined influence of the earth’s magnetism, and of a magnet placed 
fete! dietances 
“he fe ‘determination, by Coulomb will illustrate the use of the 
hed, A magnetic needle was used which made 15 oscillations ina 
(ute under the influence of the earth’s magnetism alone. A magnetic 
about 2 feet long was then placed vertically in the plane of the mag- 
eat pea so that its north pole was downwards and its south pole 
ted to the north pole of the oscillating needle. He found that at 
of 4 Inches the needle made 4r oscillations in a minute, and at 
ce of 8 inches 24 oscillations. Now, from the laws of the pen- 
umn (52), the intensity of the forces are inversely as the squares of the 
bsof oscillations ence, if we call M the force of the earth’s mag~ 
Sen, av the attractive force of the magnet at the distance of 4 inches, 
lt the distance of 8 inches, we have 
MSM +m =15 : 41°, and 
\ Mi M+m'=15* 234, 
tinating M ; 


mez m= 4i— 15" | 247 — 157 = 1456 5 351 





\ mem ny: 
other words, the force acting at 4 inches is quadruple that which 
‘at double the distance. 
above results do not quite agree with the numbers required by the 
inverse squarea. But this could only be expected to apply in the 
im which the sepulsive or attractive force is exerted between (wo 
‘and not, as Is here the case, between the resultant of a system of 
And it isto this fact that the discrepancy between the theoretical 
verved results is due. . 
‘the case of the torsion balance, one pole of the magnet to be tested 
i $0 great a distance that it could not appreciably modify the action 
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CHAPTER IV. 


PROCESSES OF MAGNETIBATION. 


t55- ‘Maguetisation—The various sources of magnetism are the in 
tmee of natural or artificial magnets, terrestrial magnetism, and elec- 
ity. The three principal methods of magnetisation by magnets are 
= ‘by the technical names of single touch, separate touch, and double 


(56. Method of single touek.—This consists in moving the pole of 
il magnet from one end to the other of the bar to be magnetised, 
‘ing this operation several times always in the same direction. 
entra fd is thas gradually decomposed throughout all the length 
he bar, and that end of the bar which was touched last by the magnet 
‘opposite polarity to the end of the magnet by which it has been 
‘This method only produces a feeble mayetic power, and isy 
lordingly, only used for small magnets, It has further the disadvan: 
i of frequently developing consequent points. 
\§7. Biethod of separate touch.—This method, which was first used 
Dr, ‘In 1745, consists in placing the two opposite poles of two 
gets: force in the micklle of the bar to be magnetised, and in 
Ming each of them simultaneously towards the opposite ends of the 
I Each saga ee then placed in its original position, and this opera 
“After several frictions on both faces the bar is mage 








ae Kai {the magnets are held vertically, Duhamet 
tn thr ‘magnets, as represented in fig. 
to be magnetised on the opposite poles 
‘Magnets, the action of which strengthens that of the move- 
5 Sa ‘The relative position of the poles of the magnets Is 
feated in the figure. 
is method produces the most regular magnets, 
“cope eee 10 this method, which was invented 
two magnets are pliced with their poles oppasite each 
in the leur the bar to be magnetised, But, instead of moving 
im opposite directions towards the two ends, as in the method of 
touch, they are kept ata fixed distance by means of a piece of 
d placed beween them (fig. 521), and are simultancously moved first 
‘one end, then from this to the other end, repeating this operation 
times, and finishing in the middle, taking care that each half of 
receives the same number of frictions. 
it £758, invproved this method by supporting the bar to be 
‘as in the method of separate touch, on the opposite poles of 
magnets, and by inclining the bars at an angle of 15° 


















Practice, instead of two bar magnets it is usual to employ a horse 
‘Tagnel, which has its poles conveniently close together. 
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(60. Magnetiam of tron ships,—The inductive action of terrestrial 
Agmetism upon the Taeret fron always found in ships exerts a dis- 
thing action upon the compass needle ‘This /ocal attraction, as it is 
Ned, may be so pelican ‘a5 to render the indications of the needle 
(host wseless if it be not guarded against. A full account of ‘the 
(immer in which local attraction is produced, and in which it is com- 
‘nsated, fs inconsistent with the limits of this book, but the most, 
iportant points are the following: 
i, A vertical mass of soft iron in the vessel, say in the bows, would 
tome mugnetised under the influence of the earth; in the northern 
fnisphere, the lower end would be a north pote, and the upper end a 
th pole: and as the latter may be assumed to be nearer the north 
le of the compass needle, it would act upon it. So long us the vessel 
(ssailing in the magnetic meridian this would have no effect; but in 
other direction the needle would be drawn out of the magnetic 
i, and a little consideration will show that when the ship was at 
ir angles to the magnetic meridian the effect would be greatest, 
lis vertical induction would disappear twice in swinging the ship round, 
@ would be at its maximum twice; hence the deviation due to this — 
Use fe krown as cemicincular sfeviation. 
Horizontal masses again, such as deck-beams, are also acted upon 
‘by the carth’s magnetism, and their induced magnetism 
bts a disturbing influence upon the magnetic needle, The effect of 
horizontal induction will disappear when the ship is in the magnetic 
Bee when it is at right angles thereto, In positions inter 
to the above the disturbing influence will attain its maximum. 
hee in swinging a ship round there would be four positions of the 
head in which the influence would be at a maximum and four in 
ere be ata minimum. This effect of horizontal induction is 


spoken of as guadramfal weviation. 

The is a age ‘of both these causes, vertical and horizontal induction, 

‘be remedied In the process of ‘swinging the ship.’ ‘This consists in 
the indications of the ship's compass with those of a standard 
placed on shore. ‘The'ship is then swung round in various 
and by arranging small vertical and horizontal masses of soft 
proximity to the steering compass, positions are found for them in 
Whe inductive action of the earth wpon them quite neutralises the 
of the earth's magnetism upon the ship ; and in all positions of 
the compass points in the same direction as the one on shore, 
“The extended use of iron in ship-building, more especially when 
are entirely of iron, tias increased the difficulty. In the 
ef building 2 ship, the hammering and other mechanical ope- 
i to which it is subject, while under the influence of the carth’s 
tism, will cause it to become to a certain extent peananently 

‘The distribution of the magnetism, the direction of its 
axis, witl depend on the position in which it has been built ; it 
‘of may not coincide with the direction of the keel. The vessel 
in short a huge magnct, and will exert an influence of its own 





























2 i 
‘ins is called its permanent ma, 
paella 


In the Royal Navy, the plan now: 
compensate the errors to a considera 


attained, the bar is sald to be saturated or ma 
bar may indeed be magnetised beyond this point, but 
nent j it gradually diminishes until it has eunlk to 1 

‘This is readily intelligible, for the nena a 
reunite, and when thelr attractive force is equal 
their saturation, that is, the coercive force of the met 
attained, and the magnet is saturated. Hence, man 
to be developed in bars than they can 
decline to their permanent state of satunition. 
ism of an unsaturated bar, a less feeble magnet | 
that by which it was originally magnetised. — 

66: attery—A A 
a pumber of magnets joined together by. 
they have the form of a horseshoe, and $0 








vat (Re, 522 constats of Byes rposed steel plates: 
of twelve plates, arranged plans layers of four 


‘ofa battery is not equal 
f the forces of cach bar, 
repulsive action exerted 
+ on the adjacent ones, 
increased by making the 
1 or 2 centimetres shorter 
in the middle (fig. $22). 
(tures. — When even a 
at its limit of saturation, 
ses its magnetism. To 
armatures or keepers are 
‘are pieces of soft iron, A 
523), Which are placed in 
fe poles. Acted on 
they become powerful 
agness, possessing oppo- 
to that of the inducing Tig, sea. 
s react im turn on the permanent magnetism of the bars, 
deven increasing it. 





hhagnets are in the form of bars, they are arranged in pairs, 
ig. 524, with opposite poles in juxtaposition, and the cireuit 
by two small bars of soft iron, AB. Moveable magnetic 
pontaneously towards the magnetic poles of the earth, the 
‘hich acts as a keeper. 





Fig. sm. 


be magnet has a keeper attached to it, which is usually 

ts to support a weight. ‘The keeper becomes magnetised 

Iuence of the two poles, and adheres with great force: the 

it.can support being much more than double that which a 

ould hold. 

to this weight, « singular and hitherto inexplicable pheno- 
cc 





the poles. of the ‘watiral "ma 
armature are a2 and & Sree 


upon it by Helens 
force of a saturated horeatant magnet, which, by 
the keeper, has become constant, may be 


Peaypy, 
in which P is the portative force of the magnet, , 
aa coefficient, which yaries with the nature of the st 
magnetising. It follows from this that a magnet 
ounces only supports 25 times as much as éne wei 
as heavy, and 125 such bars would support as 
heavy as all together, It appears Immaterial 
the bar is quadratic or circular, and the distance of 
siderable moment; it is important, however, that, 
pended vertically, and that the load be 
Iiicker’s magnets the value of @ was 10°53, 
wats 23. 

‘The strength of two" bar magnets may be e 
simple method, which is known as Klp’s com 
magnetic compass needle is placed in the 
of onc of the magnets to be tested is then p 









Ba 


400] Magnetisation. 579 


fic meridian in the same plane as the needle, and so that its axis 

ied would bisect the needle. The compass needle is thcreby 

lected through a certain angle. The similar pole of the other magnet 

then placed ly on the other side of the needle, and a position 

{found for it in which it exactly neutralises the action of the first magnet, 

that is, when the needle is again in the magnetic meridian. The strengths 

# of the two magnets are then approximately as the cubes of the distance 

& Of the acting poles from the magnetic necdle. 

= 665. Cireumstances which influence the power of magnets.—-All 

bars do not attain the same state of saturation, for their coercive force 

varies. Twisting or hammering imparts to iron or stcel a considerable co- 

Eercive force. But the most powerful of these influences is the operation 

¥@ tempering (89). Coulomb found that a steel bar tempered at dull 

redness, and magnetised to saturation, made ten oscillations in 93 seconds. 

* The same bar tempered at a cherry-red heat, and similarly magnetised to 
; Saturation, only took 63 seconds to make ten oscillations. 

Hence, the harder the steel the greater is its coercive force ; it receives 

magnetism with much greater difficulty, but retains it more effectually. 
~:Very hard steel bars have, however, the disadvantage of being very 
Brittle, and in the case of long thin bars,a hard tempering is apt to 
‘produce consequent points. Compass needles are usually tempered at 
the blue heat, that is, about 300° C., by which a high coercive force is 
obtained without great fragility. 

Temperature— Increase of temperature always produces a diminution 
of magnetic force. If the changes of temperature aire small, those of the 
atmosphere for instance, the magnet is not permanently altered. Kupfer 
allowed a magnet to oscillate at different temperatures, and found a 
definite decrease in its power with increased temperature, as indicated 
by its slower oscillations. In the case of a magnet 24 inches in length, 
he observed that with an increase of cach degree of temperature the 
duration of 800 oscillations was 0'4”” longer. If be the number of oscil- 
tions at zero, and # the number at ¢, then 


man (inc), 


cwhere ¢ is a constant depending in each case on the magnet used. 
‘formula has an important application in the correction of the obs 
“of magnetic intensity which are made at different places and at different 
‘emperatures, and which, in order to be comparable, must first be reduced 
‘®o a uniform temperature. 
‘When a magnet has been more strongly heated, it does not regain its 
‘©riginal force on cooling to its original temperature, and when it has been 
to redness, it is demagnetized. This was first shown by Coulomb, 
‘evho took a saturated magnet, and progressively heated it to higher tem- 
Beratures, and observed the number of oscillations after each heating. 
“Whe higher the temperature to which it had been heated the slower its 
‘xcillations. 
A magnet heated to bright redness loses its magnetism so completely 
‘What it is quite indifferent, not only towards itun, but also towards another 
cca 























bar 8 inches long, The same 
distance of the poles from the end is } 4 
three inches it would be half an inch. 


magnetic needle. 
middle. 
Coulomb found that these lazer 
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BOOK IX. 


FRICTIONAL ELECTRICHTY. 


CHAPTER 1. 
FUNDAMENTAL PRINCHLES, 


| (yj. Bleotricity. Ite nataro,Electricity is a powerful physical 
gent which manifests itself mainly by attractions and repulsions, but 
‘ho by himinous and heating effects, by violent commotions, by chemical 
| decompositions, and many other phenomena, Unlike gravity, it i not 
Taborent in bodies, but is evoked in them by a variety of causes, among. 
Ivhich are friction, pressure, chemical action, heat, and magnetism, 
‘Thales, six centuries before Christ, knew that when amder was rubbed 
sill, it acquired the property of attracting light bodies: and from 
Greek: form of this word (Areyp, e/ectron) the term e/ectricity has 





















it was not until towards the end of the sixteenth century that Dr, Gilbert, 
fan to Queen Elizabeth, showed that this property was not limitec! 
amber, but that other bodies, such as sulphur, wax, glass, etc., also 
ed it in a greater or less degree, 
668. Development of olectricity by friction.—When a glass rod, or 
IB stick of sealing-wax, or shellac, is held in the hand, and rubbed with a 
Piece of Hanne! or with the skin of a cat, the parts rubbed will be found 
ybave the property of attracting light bodies, such as pieces of silk, wool, 
feathers, paper, bran, gold leaf, etc., which, after remaining a short time 
contact, are ayain repelled. In order to ascertainwhether bodies are 
fied oF not, instruments called efecérasaytes are used. The simplest 
ef these, thel'vlectric pewtu/um (fig. 526), consists of a pith ball attached 
of silk thread to a glass support, When an electrified body 
the pith ball, the latter is instantly attracted, but after 
is Sagan repelled (fig. 527). 
0 be electrified by friction with a liquid or with 
: ca lian vacuum a movement of the mercury against 
sides of the’ glass produces a disengagement of clectric light visible 
dark; a whe exhausted of air, but containing a few drops of mer- 
becomes also luminous when agitated in the dark. 
2 quantity of mercury in a dry glass vessel be connected with a gold: 
idlectroscope by a wire, and a dry glass rod be immersed in it, no ins 
the rod, 













ons are observed during the immersion, but on withdrawit 
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bodies were formerly divided into édavicetricx, ar those whic 
electrical by friction, and anelectrics, or sens ie 
property. ‘These distinctions no Jonger obtalia 0 

will presently be peyrndcsi si 
be electrified by friction (670), 

With reference to the cause of the 
nothing is known, Wollaston attributed it to 
and Gray have shown that electrical phenomena may 
vacuo, and Gay-Lussac proved that electricity may be ¢ 
atmosphere of carbonic acid, 

669, Conductors ang ppt Cs! 
one end, is brought near an el only 
which has been rubbed; techs ae einem h 
repulsion. ‘The same is the case with a rod of c 
In these bodies electricity does not pass ce 
do not conduct electsicity. Experiment shows, that 
received electricity in any of its parts, the elects 
throughout its entire surface Metals are hence : 
ductors of elect 

Bodies have, accordingly, been divided into cone 
dwetors, This distinction is got absolute, and we 1 
consider bodies as offering a resistance to the} a 
varies with the nature of the substance. Those 


~ Comtuctors and Now-couductors. 


e are then conductors, and those which offer great resistance are 
betors or insulators : electrical conductizity is thus the inverse of 
| resistance, Weare to consider that between conductors and 
uetors there is a ywanéitative and not a gwalitatise difference ¢ 


ho conductor so good but that it offers some resistance to the 
of electricity, nor is there any substance which insulates 60 
Jy bur thot it allows some electricity to pass, ‘The transition 
iductors to nonconductors is gradual, and no line of sharp de« 
n can be drawn between them. 
(sense we are to understand the following table, in which bodies 
fed as conductors, semiconductors, and nonconductors; those 
¢ing conveniently designated as conductors which when applied 
ged electroscope discharge it almost instantaneously ; semicon> 
being those whieh discharge it in a short but measurable time, 
fds, for instance; while nonconductors effect no discharge in the 
fa minute. 
ductors, Semiconductors, Noncondisctors. 

Alcobol and ether, Dry oxides. 
fntcharcoal, Powdered glass, — Ice at—zs” C. 
% Flour of sulphur, Lime. 

Dry wood. Lycopodium, 
[solutions Paper, Caoutchoue. 

Tce at 0°. Al and dry gases. 

Dey paper. 

les. Sill, 
{ Diamond and precious stones, 
files. Glass. 





Shellac. 


(is arranged in the order of decreasing conductivity, or what is 
€ thing, of increasing resistance. The arrangement is not in- 
‘however. Conductivity depends on many physical conditions. 
je example, which docs not conduct at any ordinary temperatures, | 
kwery well ata red heat, Shellac and resin do not conduct so | 
im they are heated. Water, which is a good conductor, conducts | 
bin the state of ice at 0°, and very badly at—25°. Powdered 
d flour of sutpbur e conduct very well, while in jange masses they 
jonductors ; probably because in a state of powder each particle | 
feovered with a film of moisture that acts as a conductor. 

ding to Said Effendi, if the conducting power of water be taken 
jthe conducting ed of petroleum is 72; alcohol 49; ether 40; 
he 23; and benzole 16. 

{neutating Dodies, Common reservotr.—Tiad conductors are 
tanlaters, for they are wsed as supports for bodies in which clec- 
{to be retained, A conductor remains electrified only so long as 








On experiments of this nature, Dufay first made the observation that 
are two different electricities: the one developed by the friction 

the other hy the friction of fesin or shellac. To the first the 
‘wilreens electricity is given; to the second the name resinous 


ye 

672 Tneortes of etoctrietty.—Two theories have been proposed to 
for these different effects of electricity. Franiklin supposed that 
‘exists a peculiar, subtle, cee luid, which acts by repulsion 
own particles, and pervades all’ matter. This fluid is present in every 
ina quantity peculiar to it, and when it contains this quantity, 

is in the natural state, or in a state of equilibrium. By friction, certain 


c electrified. The former state corresponds to vitreous elec 

Ieicity, and the latter to reséwous electricity. Positive electricity is repre- 

[fented by the sign +, and negative electricity by the sign —; a desig- 
‘tation based on the algebraical principle, that when « plus quantity 

Added to an equal minus quantity zero is produced. So when a body 

touched with a body 

ing an equivalent quantity of negative lasek a neutral of zero | 


| The facory of Symrmer, which is now generally admitted, explains ina 
fisfactory manner most electrical phenomena. But it is only an 
ig, and must not be accepted as expressing anything absolute. 
theory assumes that every substance contains an indefinite 
tity ef a subtle imponderable matter, which is called the electrical 
‘This fuid is formed by the union of two Auids—the positive and 
negative. When they are combined they neutralise one another, and 
he body is then in the natural or neutral state, By friction, and by 
jeveral other means, the two fluids may be separated, but one of them 
mever be excited withour a simultaneous production of the other. 
may, however, be a greater or less excess of the one or the other in 
and then said to be electrified positively or megatively. 
theory, witreows corresponds to positive, and resinous to 
ity. This distinction is merely conventional: it is adopted 
sabe sake of convenience, and there is no other reason why resinous 
should not be calied positive electricity. 

‘Fluids of the same name repel one another, and fluids of opposite kinds 
each other. The fluids can circulate freely on the surface of cer 
hodies, which are called conductors, but remain confined co certain 

‘ef others, which are called nonconductors. 
has been already said, this theory is quite hypothetical ; but its 
‘adoption is justified by the convenient explanation which it gives 

cal phenomena. 
Action of electrified bodies on each other.— Admitting the two- 
hypothesis, the phenomena of attraction and repulsion may be 
ited in the following law, which is the basis of all the theuries of 
electricity: 








g the fingers becomes positively electrified, and 
for some time. ‘The same property is observed in pene 


‘even though conductors, provided they be insulated. If cork 
|caoutchouc be pressed together, the first becomes. positively, and the 
negatively clectrified. A disc of wood pressed on an orange and 
i, carries away a good charge of clecericty, if the contact be 


are good conductors. 
thas also observed that cleavage is a source of electricity. If 
‘A plate of mica be rapidly split in the dark, a slight phosphorescence is 
fixed glass handles to cach side of the plate of 
and then Sly separated them. On preseating each of the plates 
seamen to an electroscope, he found that one was negatively and 
ly electrified. 

eeiare ica, and all badly conducting crystalline substances, 
‘lettrical, indications by cleavage, The separated plates are 
im opposite electrical conditions, provided they are not good 
: for if they were, the separation would not be sufficiently 
to prevent the recombination of the two electricitics. To the 
here described is due the luminous appearance seen in the 

when sugar is broken. 
676. Pyroeleoteioity.—Certain minerals, when warmed, acquire elec. 


the fact that this mineral hadl the power of first attracting and then 
ling hot ashes when placed among them. 

E ebeerve this phenomenon, a crystal of tourmaline is balanced by a 

HK thread, in a glass cylinder placed on a heated metal plate. On 
Equently Investigating the electric condition of the ends by approaching 
Sthem successively an electrified glass rod, one end will be found to be 
electrified, and the other end negatively electrified, and cach 
shows this polanty as long as the temperature rises. The arrange 
‘of the electricity is thus like that of the inagnetisi in a magnet. 

at whieh the intensity of free electricity is greatest are ce: 
Pole, and the fine connecting them is the electric atts. When a 
line, while thus clecteified, is broken in the middle, cach of the 

thas its two poles. 

polar properties depend on the chaxye of temperature, When 
1%, Which has become electrical by being warmed, is allowed 
al regularty, it first loses electricity, and then its polarity becomes 
5 that is, the end which was positive now becomes negative, and 
which was negative becomes positive, and the position of the poles 
remains unchanged so long as the tempgrature sinks, Tourmaline 
becomes pyroelectric within certain limits of temperature ; these 


| 








fosite the zero point. ‘The micrometer consists of a small graduated 
peo ly of the tube, d, and of a fixed index, «, 
shows by how many degrees the disc is turned, In the centre of 
$dise there is a small button, wo which is fixed the wire which sup- 
tts 80. 
\ The micrometer is moved until the zero point is opposite the index, 
(the tube a is turned until the knob » is opposite zero of the graduated 
ele: the knob a is in the same position, and thus presses against a 
eknob m fs then removed and electrified, and replaced in the appa- 
S through the aperture r. As soon as the electrified knob m touches 
the Litter becomes electrified, and is repelled, and afer a few oscil: 
fons remains constant at a distance at which the force of repulsion is 
fal to the force of torsion. In a'special experiment Coulomb found the 
fle of torsion between the two to be 36°; and as the force of torsion is 
fportional to the angle of torsion, this angle represents the repulsive 
ce between mand m In order to reduce the angle to 18° it was 
tessary to turn the disc through 126°, The wire was twisted 126° in the 
‘ection of the arrow at its upper extremity, and 18° in the opposite 
‘retion at its lower extremity, and hence there was a total torsion of 
moving the micrometer in the same direction, until the angle 
of torsion were necessary. Hence the whole 
ion was 5754°. Without sensible error these angles of deviation may 
‘taken at 36°, 18°, and 9°, and on comparing them with the correspondl- 
Fangles of torsion 36%, 144°, and 576°, we seo that while the first are as 


rth 
1:4t16; 


(tis, that for a distance } as great, the angle of torsion is 4 times as 
‘at, and that for a distance } as great the repulsive force is 16 times 


flatter are as 


great. 

in experimenting with this apparatus, the air must be thoroughly dry, 
order to diminish, as far as possible, loss of electricity. This is 

beted by placing in it a small dish containing chloride of calcium. 
Phe experiments by which the law of attraction is proved are made in 
(eh the same manner, bat the two balls are charged with opposite 
Gtricities. “A certain quantity of electricity is imparted to the move- 
© ball, by means of an insulated pin, and the micrometer moved until 
(pe a certain angle below, A charge of electricity of the opposite 
(@ is then imparted to the fixed hall. The two balls tend to move 
Dut are prevented by the torsion of the wire, and the moveable 
Temains at a distance at which there is equilibrium between the 
{ee Of attraction, which draws the balls together, and that of torsion, 
tonds to separate them, ‘The micrometer screw is then removed! 
(greater distance, by which more torsion and a greater angle between 
‘two balls are produced. And it is from the relation which exists 
the angle of deflection on the one hand, and the angle which 
the force of torsion on the other, the law of attraction hae 
deduced, J 











rated by glass handles, ‘The interior is now 
hemispheres brought in contact. On then rapidly: 


a 





Fig: sah 


fi. The distribution of electricity on the surface 
‘Af the fallowing apparatus. It consists of 
ted Supports, on which is fixed a long strip of tin foil which can be 






' 


suite wntfected by the charge or discharge oft 
‘The property of electricity, of accu 


trieities repel one another, 
of mathematical analysis, has ar 

|| to the distribution of electricity on b 
previous experiments. Electricity 
of bodies, where it exists in very 
‘escape, but is prevented by the 
phere. 

679. Miectrle tension and density, —On a 
bution of the electrical fluid will be uniform: 
symmetry. ‘This has been demonstrated 
and the torsion balance, A metallic sp 
support was clectrified, and touched at di 
the proof plane, which each time was app 
the torsion balance, As in all cases the: 









| Bloctrie Tension and Density. 


c, ‘it was concluded that the proof plane had each time received 
‘electricity. In the case of an elongated ellipsoid 
is found that the electrical layer has a different density at 

far paints of the surface. In virtue of its repulsion the electric 
hulates at the most acute points, and here it has the greatest tension 
yto.cscape. This is demonstrated by successively touching 
‘at dificrent parts with the proof plane, and then bringing. 
{to the torsion balayce. By this means Coulomb found that the 
bst deflection was produced when the proof plane had been in con- 
vith the point a, and the least by contact with the middle space ¢ 
(ee has found by calculation thar the tension at each point js fro 
ima fo the synure of the thickness of the electric layer. ‘The electrke 





Fig. 520 


or electric thickness is the term used to express the quantity of 
‘at any moment on a given surface. If srepresents the surface 
} the quantity of electricity on that surface, then, assuming that the 


[elty is cqually distributed, its electrical donsity is equal to 2, 


fom found, by quantitative experiments, that in an ellipsoid the 
ofthe electricity at the equator of the ellipsoid is to that at the 
in the same ratio as the length of the minor to the major axis, On 
lulated cylinder, terminated by two hemispheres, the density of the 
leal layer at the ends is greater than in the middle. In one case, 
flo of the two densities was found to be a: 1. On acircular 
be density is greatest at the edges. 
[Power of points.—On a sphere, the electric density is everywhere 
+ the further a body is removed from the shape of a sphere, the 
Geese is its accumulation. A pointed rod may be regarded ag 
ellipsoid, and hence, at its extremity, the electric density 
€ greatest. But the tension is proportional to the square of the 
(5) and hence the yreater the density the greater will be its power 
Heoming the resistance of the air, and escaping. If the hand be 











only. \pports never insulate completely, but 
‘they are the cause of an abundant loss of electricity in bodies strongly 
tr ‘The loss diminishes gradually, and is constant when the ten- 
low. It may be neglected by giving to the supports an adequate 
according to Coulomb, must be proportional to the square 

‘lectric tension of the charged body. Brown shellac is the best 


F is a hygroscopic substance, and must be dried with great 
At is best covered with a thin layer of shellac varnish, as has already 
stated. 


of electricity in vacuo,— Inasmuch as clectricity is retained 
lies by the pressure of the insulating atmosphere, 
the pressure diminishes, the loss of electricity increases, and in 
in which resisgince is zero, all electricity escapes, This is a 
consequence ef the mathematical theory of electri 
for the equilibrium of electricity on the surface of bodies. 
‘opposition to this, Hawksbee, Gray, Snow Harris, and Becquerel have 
that feeble electrical tensions may be retained in vacuo, Bee~ 
ghowed that in a vacuum of a millimeter a body retained a eee 
for filtcen days, And it is probable, that if an clecteifi 
‘ins perfect vacuum, it would retain an electrical charge, sed 
|were sufficiently removed from any body which could exert upon it an 
aa ie 









CHAPTER III. 


WON OF ELECTRIFIED NODILS ON BODIES IN THE NATURAL STATE, 
INDUCED ELECTRICITY, ELECTRICAL MACHINES. 





ee 


(84. Moctricity by induence or induction, —a\n insulated conductor, 
fmged wich either kind of electricity, acts.on bodies in a natural state 
teed near it ina manner analogous to that of the action of a magnet 
[Soft iron, that is, it decomposes the neutral fluid, attracting the oppo- 
repelling the like kind of clectricity. ‘The action thus exerted 
bid to take place by influence or induction, 
phenomena of induction may be demonstrated by means of 4 brass 
placed on an insulating support, and provided at its extremities 
two small electric pendulums, which consist of pith balls suspended 
Finen threads (fig. $35). If this apparatus is placed near an insulated 
w, charged with either kind of electricity, for instance; the 
‘of the electrical machine, which is charged with positive 
, the natural fiuid of the cylinder is decomposed, free electricity 
‘be developed at cach end, and both pendulums will diverge. If, 
they still diverge, a stick of sealing-wax, excited by friction with 
be approached to that end of the cylinder nearest the conductor, 
ing pith ball will be repelled, indicating that it is charged 
the same kind of electricity as the sealing-wax, that is, with negative 
# while if the excited scaling-wax is brought near the other ball, it 


b.. 


will be attracted, showing that it Is charged with ive 

Si eats elect, bv aptache! ote ad ast 

with tricity, to F h 

the pecduloa will be attracted ; while if brought near the other end, the 
corresponding pendulum will be repelled. If the influence of the changed 
conductor be suppressed, either by removing it, or pilacing it in comm 
nication with the ground, the separated electricities will recombine, and 
the pendulums exhibit no divergence. 


Fig. 535 


The cause of this phenomenon is obviously a 
the neutral Auid of the cylinder, by the free positive . 
the conductor, the opposite or negative electricity being 


that end of the cylinder nearest the conductor, while the similiar 

ticity is repelled to the other end, Between these two 

there is a space destitute of free electricity. ‘This is seen by ari 

on the cylinders a series of pairs of pith balls suspended by 

‘The divergence is greatest at each extremity, and there is a 

which there is no divergence at all, whieh is called the 

‘The two fluids, although equal in quantity, are not d 

the cylinder in a symmetrical manner; the attraction #69 

lates the negative electricity at the one ent is, in Consequence 
earmess, greater than the repulsion which drives the 


| than the other, Noris the electricity induced at the Iwo 
cylinder under the same conditions ‘That which is repelled 
distant extremity is free to escape if a communication be made 
ground, whilst on the other hand, the unlike electricity whieh i= 
is held bound or captive by the inducing action of the electnitied 
Even if contact be made with the ground on the face of the 
adjacent to the inducing body, the electricity induced on that Ge 
not escape. ‘The repelled electricity however on the distant sear) 
not thus bound ; it is free to escape by any 
hence will immediately disappear, wherever contact be marl 








sg atte she eying depare with the escape of the repelled or free 
kersieity. Blut now, if communication with ae ground be destroyed, 
the indacing body be discharged or removed to a considerable dis- 
fee, the attracted or bound electricity is itself set free, and diffusing 
(er the whole cylinder causes the pith halls again to diverge, but now 
[th the opposite electricity to that of the original inducing body. The 
sow for the escape of the repelled electricity is as follows :—If the 
Iinder be placed in connection with the ground, by metallic contact 
ith the posterior extremity, and the charged conductor be still placed 
ar the anterior extremity, the conductor will exert its inductive action 
| before, But it is now no longer the conductor alone which is influ~ 
ied. Ie is conductor mneistay of the conductor itself, the metallic 
te, amd the whole carth. The neutral line will recede indefinitely, and 
fee the conductor has become infinite, the quantity of neutral fluid” 
Kcomposed will be increased. Hence, when the posterior extremity is 
heed in contact with the ground, the pendulum at the anterior extremity 
Verges more widely. If the connecting rod be now remoyed, neither 
fe quantity nor the distribution will be altered: and if the conductor 
} removed, or be discharged, a charge of negative electricity will be 
fom the cylinder. It will, in fact, remain charged with clectrieity, 
[egposite of that of the charged conductor. Even if, instead of con- 
‘cling the posterior extremity of the cylinder with the ground, any other 
im bad been so connected, the general result would have been the same, 
Wl the parts of the cylinder would be charged with negative clectricity, 
(d) on interrupting the communication with the earth, would remain 30 


‘Thusa body can be charged with electricity by induction as well as by 
duction. But, in the latter case, the charging body loses part of its 
fetrieity, which remains unchanged in the former casc, ‘The electricity 
‘by conduction is of the same kind as that of the electrified 

‘while that excited by induction is of the opposite kind. ‘To impart 
letticity by conduction, the body must be quite insulated, while in the 
fe of induction it must be in connection with the earth, at all cvents 


ly fied by induction acts in turn on bodies placed near tt, 

the two fluids in a manner shown by the signs on the sphere, 
it has here been said has referred to the inductive action exerted 
conductors, Bad conductors are not so easily acted upon by 
fection, owing to the great resistance they present to the circulation of 

ietricity, hut, when once charged, the electric state is more permanent. 
This fs analogous to what is met with in magnetism ; a magnet in 
(ptancously evokes magnetism in a piece of soft iron, but this is only 
| orth ‘and depends on the continued action of the magnet; a magnet 
Igmictises steel with far greater diffiulty, but this magnetism is per- 

iment, 

‘ZLimit to the action of indaction.—The inductive action which 
‘body exerts on an adjacent body in decomposing its neutral 


original foree, For the forces / and 
BEEN hid of a; end toads KEE 
force F RCE he constant, 
increasing, a time arrives at which the force 
J and J All decomposition of the 
inducing action has attained its limit, 

{f the cylinder be removed 
Inducing action decreases, a 
recombine to form the neutral Auld. If, 0 
brought nearer, as the force F now 
decomposition of the neutral Aid takes 


imaged Giemsclves €od th end) aca 
a continuous chain between the two sides, a 
also supports Faraday’s tl 

closely together, and provi 





Le ‘new View, the action exerted by electrified bodies on bodies in 

‘tral state, is effected by the polarisation of the alternate layers of 

anyother medium. On the old view, the air wa; 

masive, or at most, in virtue of its nonconductivi 

fee to the recombination of the two fluids. 

‘ctions have, nevertheless, been raised to Faraday’s theory, one of 

‘st formidable of which is the action which electrified bodies exert 

‘ers at a distance even in vacuo ; unless, indeed, it be admitted that 

‘the moss perfect vacuum obtainable, sufficient material molecules 

(to produce the polarisation. In some researches which Matteucci 
made on the propagation of electricity in insulators, he has 

at conclusions differing from those of Faraday, 

| Spooiiic inductive capacity —Faraday names the property which 

(transmitting the electric influence, the inductive power: 
bodies do not possess it in the same cegree. To determine 








Fig sar Fig a4 | 
r theinductive power Faraday uses the apparatus represented 
537,and of which fig. 538 represents a vertical section. It consists 
fass sphere made up of two halves, P and Q, which fit accurately 
ich other, like the Magdeburg hemispheres, "In the interior of this, 


» 


a a 4 





Ace increases, 
p through the pee eeteas greater extent than 
f E occacycaely 


a produ 
Mates will be adduced, which show that the i 
‘electricity is independent of the nature of the insulator placed 
Ag inducing and the induced body, a result which, of course, 
agree with the experiments of Faraday on frietional electricity. 
Epaarecdleation of electricity at @ distance.—Iin the experi- 
A in figure 535 the opposite electricities of the conductor, 
of ihe separated cylinder, tend to unite; but are,preventedl Et 
ies the tension is Jncreasead; or, if the distance of 


charge of positive electricity remains on the pier The same 
mon is observed when a finger is presented to a strongly electri- 
‘The latter decomposes by induction the neutral eleetei- 

the opposite electricities combine with the production 


body, 

while the electricity of the same kind as the electrified con- 
is left on the body, passes off into the ground. 

‘ing distance varies with the tcnsion, the shape of the bodies, 
ing powcs, and with the resistance and pressure of the inter 


of electrified bodies.—The various phenomena of at. 
jand repulsion which are among the most frequent manifestations 
action may all be explained by means of the laws of induc~ 
‘Tf M (fig. $39) be a fixed insulated conductor charged with posi- 
peleciticity, and N be a moveable insulated 
instance, an electrical pendulum, there 
cases to be considered :— 
moveable body ix unclectrified, and is a 
= Inthis case M acting inductively on ( 
acts the negative and repels the positive 
@, 9 that the maximum: of tension is respec- z 
Wy at the points a and 4. Now a is nearer c Fig. som 
it is to 4, and since attractions and repulsions are inversely as the 
‘of the distance, the attraction between @ and ¢ is greater than the 
jon between 6 and ¢, and, therefore, N will be attracted to M by a 
to the excess of the attractive over the repulsive force, 
moswable body is a conductor, and is etectrified.—\t the clectriclty 
© moveable body is different from that of the fixed body, there is 
i but if they are of the same kind, there is at first re- 
and afterwards attraction. This anomaly may be thus explained: 
bo 


Ni 


Hews | 








“previously divergent leaves will collapse : there only 
yea retained in the knob by induction from A. 
be first remover, and then the electrified body, the” 

previously retained by A will spread over the system, \ 

the leaves to diverge. If now, while the system is charged 
electricity, a positively electrified body, as, for example, an 
“glass rod, be approached, the leaves will diverge more widely; 
Seesscty ‘of the samme kind will be repelled to the extremities. If, 
‘excited shellac rod be presented, the leaves will tend 
“ with which they are charged, being attracted 


the opposite electricity. Hence we may ascertain the kind of electri- 
ia by imparting to the clectroscope electricity from the body 


has eit proposed to use the electroscope as an electrometer or 
urer of electricity, by measuring the angle of divergence of the 


Ermialensicts One of the most catate and inex- 

is the efectropkorus, which was invented by Volta. Its 

eer all other electric machines, depends on the action’ 

n Say it forms an excellent illustration. [t consists of a 
resin, t), #ay about 12 inches diameter, and an inch 
Seth fs placed on 4 metallic surface, or very frequently fits in a 
mould Hned with tinfoil, which is called the form, Besides 

© is a metal disc, A (fig. $42), of a diameter somewhat less than 
cake, and provided with an insulating glass handle, The 

orkir Nineties i is as follows; All the parts of the appa- 
‘Dees well warmed, the cake, which is placed in the form, or 
surface, Is briskly flapped with silk or flannel, or, 

by which it becomes ee with negative electricity. 

‘on the cake, ing, however, to the minute 

‘of the surface of the resin, the ee only comes in contact with 
points, and, from the non-conductivity of the resin, the negative 











Cf the bal while the: other, mesg agin a 
+ Resin was afterwards substituted for 1 | 
Hawksbee replaced by a glass Sunder In all these cases t! 
served as rubber; and Winckler, in 1740, fret intreduced ces 
horsehair, covered with silk, as rubbers. At the same time B 
lected electricity, disengaged by friction, on an insulated cyfind 

; plate. Lastly, Ramsden, in 1760, replaced the glass cylind 

e circular glass plate, which was rubbed by cushions. ‘The form w 

ran machine has now is but a modification of Ramsden’s original ma 

Between two wooden supports (fig. 543) a circular was pa 
suspended by an axis passing through the centre, and which is 

+ by means of a glass handle, M. The plate revolves between twe 

cushions or rubbers, F, of leather or of silk, one set above the # 

‘one below, which, by means of screws, can be pressed as tightly 

. the glass as may be de: The plate also passes between te 

rods shaped like a horse-shoe, and provided with a series of poial 

sides opposite the glass : these rods are fixed to larger metallic ¢) 

C, which are called the prime conductors, The latter are insul 

being supported on glass feet, and are connected with each ott 

‘smaller rod, 7. 

' ‘The action of the machine is founded on the excitation of el 
by friction, and on the action of induction. By friction with the1 
the glass becomes positively and the rubbers negatively electrif 
now the rubbers were insulated, they would receive a certain ct 
negative electricity which it would be impossible to exceed, 
tendency of the opposed electricities to reunite would be equal 

+ power of the friction to decompose the neutral fluid. But the 
commuricate with the ground by means of a chain, and, conseque 
fast as the negative clectricity is generated, its tension is redt 
zero by contact with the ground. The positive electricity of tb 
acts then by induction on the conductor, attracting the negative 
city. This negative clectricity collects in the points opposite 
glass. Here its tension or tendency to discharge becomes so hig! 
passes across the intervening space of air, and neutralises the | 
electricity on the glass. The conductors thus lose their negatit 
tricity, and remain charged with positive electricity. The plate 
ingly gives up nothing to the prime conductors ; in fact, it only al 
from them their negative electricity. 

If the hand be brought near the conductor when charged, : 
follows, which is renewed as the machine is turned. In this 
positive electricity decomposes the neutral fluid of the body, att 
its negative electricity, and combining with it when the two have 
cient tension. Thus, with each spark, the conductor reverts 
neutral state, but becomes again electrified as the plate is turned. 

693, Precautions in reference to the machine,—The glass, © 
the plate is made, must be as little hygroscopic as possible. 
ebonite has been frequently substituted for glass; it has the adi 
of being neither hygroscopic nor fragile, and of readily becoming 









aoa ie gee of paiae Kor 
vs is the best of them. It is prepared as follows 
dine and one pat of tn are melted together, and ‘smovel Bees 


7 ining some chalk, and then well shaken. ‘The 4 
before quite cold, is powdered in an iron mortar, and pres 
a stoppered glass vessel. For use, a little cacao butter or lard 
d over the cushion, some of the powdered amalgam 
[pad the surface smoothed by a bal of fattened leather, 
to avoid a loss of electricity, two quadrant-shaped pieces of 


ae fixed to the rubbers, so as to cover the plate on both sides, 
pala from @ to F, and the other in the corresponding: 

rubbers. ‘Those flaps are not represented in the tae 

ed gibieibeiber, and there must be perfect contact between 


30 as to ‘give negative Ae pe 

ing supports, By means of a chain, the 

0 Pceencoted wits thie & ete Hs the machine worked as 
_ The positive electricity passes off by the chain into the ground, 
electricity remains in the supports and in the insulated 


ie beee i the finger near the uprights, a sharper spark than the 


ee sion =i is Impossible to exceed a certain 

tension with the machine, whatever precautions are 

4) or however rapidly the plate is turned. This limit is attained 

(the loss of clectricity equals its production. The loss depends on 

causes: |. The loss by the atmosphere, and the moisture it con- 

‘this is proportional to the tension. ii. The loss by the supports. 
recombination of the clectricities of the rubbers and the glass. 

two causes haye been already mentioned. With reference to 

‘ig must be noticed that the electrical tension increases with the 


of the glass. At this point, 
separated on the rubbers and on the 
and the tension remains constant. It is, therefare, 


jndependent of the rapidity of rotation. 








“sie ins 09, 
case positive electricity {s obtained, in the latter 
je machine.—In thi machine elec. 


by: 
at A workman having accidentally held one hand in a jet of 
which was issuing fram an orifice in a steam boiler at high pres: 
(bite Mis other and grasped the safety valve, wna astomahed at 
tneing a smart shock, Sir W. Armstrong (then Mr, Armstrong, 
Weastle), whose attention was drawn tothis phenomenon, ascer- 
that the vapour was charged with positive electricity, and by re« 
§ the experiment with an insulated locomotive, found that the 
was negatively charged, Armstrong believed that the electricity 
(e to a sudden expansion of the vapour ; Faraday, who afterwards 
ted the question, ascertained its true cause, which will be best 
tood after describing a machine which Armstrong devised for re- 
jing the phenomenon, 
ansists of a boiler of wrought-iron plate (fig. 546), with a central 








Fig. site 


ft insulated on four legs, It is about 5 feet long by 2 feet in 
fr, and [s provided at the side with a gauge, O, to show the height 
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electrified body, it becomes charged 
opposite surfaces (684). This is also: the case 














Fig. 503. 


details of fig. 547, the letters having in both cases the same meaning. T 
two armatures f and f’, having been electrified, as we have above seen,¢ 
positively and the other negatively, when two opposite elements, ot and: 
of the plate B, pass in front of the window F, from what has been 5 
above, the elements # and m’, in the presence of the positive armatun 
both become negatively electrified ; at the same time the conductor! 
which has imparted its negative electricity to the face m of the plit 
remains positively electrified. ‘Then, the rotation continuing, the eleme 
m and m’ both comein front of the window F F’ negatively charged. Th 
the element m’, adding its influence to that of the negative armature 
withdraws from the conductor C’r’ its positive electricity, and charge 
with negative electricity. The element m, acting inductively on thean 
ture #, withdraws positive fluid from it by induction, and thus tend 
keep it in the negative state. The two clements m and sm’ revert to 








ty fs observed from the shape of the brush which escapes from it; 
hes are long and hay the postive combs ort ae | 
points on the n 


by suspending to the caries CC wo condesiters, HH 
which consist of two glass tubes coated with tin foil, inside and 
fo within a fifth of their height. Each of them is closed by a cork 
a passes a rod, communicating at one end with the inner 
Lise aad! of the conductors by a crook at the other | 
coatings are connected bya conductor, G. They 
Be fly tro small Leyden jars (709), one of them, H, becoming 
with positive electricity on the inside, and negative on the out- 
theo other, H', with negative electricity on “the ‘inside, and positive on 
‘outside. Hecoming charged by the intervention of the machine, and 
sing discharged at the same rate by the knobs rr’, they strengthen the 
which may attain a length of 6 or 7 inches. 
| eed of the machine is utilised by placing in part of the frame 
ts, Q Q, with binding screws in which are copper wires ; 
fens K KY, the rods which support the knobs rr 
inclined, so that they are in contact with the uprights, The current, 
then directed by the wires, a battery of six jars can be charged in 
minutes, water ¢an be decomposed, a galvanometer deflected, and | 
tubes worked as with the voltaic pile. 
‘electrical current of a Holtz’s machine has been shown by Poggen- 
be independent of the resistance of the circuit,and by Kohlrausch 
| proportional to the velocity of rotation, A plate 46 inches in 
perniving 5 times in three seconds produced a constant current 
e of decomposing water at the rate of 34 millionths of a milli- 
per second, or equal to that of a Grove’s cell in a circuit of 
es units (361). 
‘Rertsoh’s maohine.—This is a simpler, though at the same time 
‘apparatus than Holte's machine, with which it has other- 
‘much similarity. 
sonsists of an ebonite plate, P P’, about 18 inches in diameter, and 


on a glass axis §49)- The inducing plate E, represented 
ely at the top of Se £7, {s also of ebonite, and ts placed 








from the conductors @ and’d;and being 
| at the same time as them, increase the spark. 
fhe power is increased by placing close to the sector A a second 
(ikir one, electrified in the same manner. As the inducing power ine 
The tension also increases, With a machine thus arranged, a 
' }to $ of an inch may be perforated, and a strong battery 
charged. The inducing power of the sectors quickly decreases, 
Lthey must be excited afresh. 
both Holtz’ and Bertsch's machines are very much affected by the 
tire of the air; but M. Ruhmkorff has found that, spreading on the 
lle a few drops of petroleum, the vapours which condense on the 
ehine protect it against the moisture of the atmosphere. 
Phese machines are small in compass, and not very expensive, and 
juire less force for working ther than frictional machines, When the 





Wig. 550. 


features are electrified, more resistance is experienced in turning the 
(te than if they are nor electrified ; in the former case part of the 








body, decdmposes Ir, ° srepclg the 











i g the sted flaid.” When the tension of the op-. 
ss deci sufficiently great to overcome the resistance of the 
Fig. ssa ee | 
| 
Fig. oh 
| 
] 
ig d8h 





{they recombine with a smart crack and a spark. The spark f 
laxtaneous, and is accompanied by a sharp prickly sensation, more | 
feclally with a powerful machine. Its shape varies When it strikes 
Khor distance, it is rectilinear, as seen in fig. 552. Beyond two or 
benches in length, the spark become irregular, and has the form of 

iS curve with branches (Gg. 553). If the discharge is very 
ferful, the spark takes a zig-zag shape (fig. These two latter 
Jearmnces are seen in the lightning discharg 
\epark may be taken from the human body by the aid of the insulating: 
MM, which is simply a low stool with stout glass legs. The person stand- 
{om this stool touches the prime conductor, and as the human body is 
Gaduetor, the electrical fluid is distributed over its surface as over an | 
(inary insulated metallic conductor. The hair diverges in consequenc r 

1 peculiar sensation is felt on the face, and if another person, 

fiding on the ground, presents his hand to any part of the body, a smart 
th with a pricking sensation is produced, 
{person standing on an insulated stool may be positively electrified by 
lg-streck with a catskin. If the person holding the catskin stands om 
insulated stool, the striker becomes positively, and the person struck 
atively, electrified. 
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whirl 
coed ‘terminating in points, all bent in the same die eae 
| central cap, which rotates on a pivot (fig. 557). When BS 
‘is placed on the conductor, and the machine wi 
to revolve in a direction opposite that of the points. te 
pas oct ‘not analogous to that of the hydraulic tourniquet (204). It is 
‘Guased by a flow of material fluid, but is owing to a repulsion berween 
fof the points and that which they impart to the adjacent — 
juction. The electricity being accumulated on the points 
jh state of tension, passes into the air, and imparting thus a charge 
bricity, repels this electricity, while it is itself repelled, ‘Thas thisis 
‘Ns evident from the fact that, on approaching the hand to the 
awhile in motion, a slight draughtis felt, due to the movement af the 
d air, while in vacuo the apparatus docs not act at all, This 
or wind is known as the electrical anra. 
‘the electricity thus escapes by a point, the electrified air Is 
| aia 










‘@ current strong enough to blow out a candle. Fig. 538 shows 


r 


jent. ‘The same effect is produced by placing a taper on the 
and bringing noar it a pointed wire held in the hand (fig. $59). 
@client arises in this case from the contrary fluid, which escapes 
the point under the influence of the machine, 
(he etectrical orrery and the electrical inclined plane are analogous to 
fe pieces of apparatus, 
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CHAPTER IV. 
CONDENSATION OF ELECTRICITY, 





| Condensers. Theory of condonsors_A condenser is an ay 
for condensing a large quantity of electricity on a comparatively 
(surface. ‘The form may vary considerably, but in all cases consists 
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to call that side of the metal plate nearest the glass the anferivr, 
the other the posterior side. And first let A be at such a distance 
B as to be out of the sphere of its action. The plate B, which is 
then connected with the conductor of the electrical machine, takes its 
Rmaximum charge, which is distributed equally on its two faces, and the 
“pendulum diverges widely. If the connection with the machine be 
~-interrupted, nothing would be changed ; but if the plate A be slowly 
approached, its neutral fluid being decomposed by the influence of B, the 
negative is accumulated on its anterior face, # (fig. 562), and the positive 
“passes into the ground. But as the negative electricity of the plate A 
reacts in its turn on the positive of the is 
plate B, the latter fluid ceases to be 
equally distributed on both faces, and 
is accumulated on its anterior face, 1. 
The posterior face, f, having thus lost 
aportion of its electricity, its tension 
has diminished, and is no longer equal 
to that of the machine, and the pen- 
dalum, 4, diverges less widely. Hence 
B can receive a fresh quantity from Fig sn 
the machine, which, acting as just ey 
described, decomposes by induction a second quantity of neutral fluid on 
the plate A, There is then a new accumulation of negative fluid on the 
face 1, and consequently of positive fuid on, But ench time that the 
machine gives off electricity to the plate, only a part of this passes to the 
face m, the other remaining on the face f; the tension here, therefore, 
continues to increase until it equals that of the machine. ,From this 
moment equilibrium is established, and a limit to the charge attained 
which cannot be exceeded. ‘The quantity of clectricity accumulated now 
on the two faces # and 1 is very considerable, and yet the pendulum di- 
verges just as much as it did when A was absent, and no more; in fact, 
the tension at f is just what it was then—namely, that of the machine. 
When the condenser is charged—that is, when the opposite electricities 
are accumulated on the anterior faces—connection with the ground is 
broken by raising the wires. The plate A is charged with negative 
electricity, but simply on its anterior face (fig. 562), the other side being 
neutral. The plate B, on the contrary, is electrified on both sides, but 
unequally; the accumulation is only on its anterior face, while on the 
posterior, , the tension is simply equal to that of the machine at the 
moment the connections arc interrupted. In fact, the pendulum 4 di- 
verges and a remains vertical. But if the two plates are removed, the two 
pendulums diverge (fig. 360), which is owing to the circumstance that, as 
the plates no longer act on each other, the positive fluid is equally distri- 
buted on the two faces of the plate B, and the negative on those of the 
plate A. 
705. Slow discharge and instantaneous discharge.—While the 
plates A and B are in contact with the glass (fig. 561), and the connec- 
tions interrupted, the condenser may be discharged—that is, restored to 
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the surface of the con- 


the electric tension, the 


ion of the total quantity of 

mithe collecting plate to that which 
©; for it is assumed that the quantity 
Ficity on the collecting plate is the same Fle se 
th it would take if it were alone, 
ate the condensing force, let us, as before, express the total 

tive electricity which the collecting plate B can take, 
f the influence of the condensing plate, by 1, then m is the 
‘tty of negative electricity on the second plate. But, as we 
(een, the quantity of free electricity on B is 1—w@ Hence 


fraction which expresses the condensing force, 


+ of oe is determined experimentally by means of the proof | 
the torsion balance. Thus, if me were 0°99, the quantity of | 
‘hich could be accumulated on the collecting plate B, under 
fof A, would be 50 times as much as the quantity it could 
one; while, if m were o'7§, the quantity would be 228 times 





It of tho charge of condensers.—The quantity of electricity 
ve accumulated on cach plate is, cateris paribus, proportional 
on of the electricity on the conductor, and to the surface of 
it decreases as the insulating plate is thicker, and it differs 
eellic inductive capacity of the substance. Two causes limit 
yof electricity which can be accumulated. First, that the 
{ion of the collecting plates gradually increases, and ultimately 

of the machine, which cannot, therefore, impart any free 
‘The second cause is the imperfect resistance which the 
late offers to the recombination of the two opposite electricities ; - 
¢ force which impels the two fluids to recombine exceeds the | 
ffered bythe insulating plate, it is perforated, and the contrary 


tinating pane. Franklin's plate.—This is asta form 
jnser, and is more suitable for giving strong shocks and sparks, 
af a glass plate fixed ina wooden frame (fig. 364) ; on each 
Pass pieces of tinfoil are fastened opposite each other, leaving 


an excess of sects oe with the 

the electricity on passes into the ground, the 

diverges, For B, having lost part of its 

face m that held by the inductive influence of the negative om 
quantity thus retained at B is less than thaton A; ietaneas 
which makes the pendulum @ diverge, and if it now be touched, a 
passes, the pendulum @ sinks while # rises, and so on by continu 
touch alternately the two plates, ‘The discharge hange only tak soln 
jin very dry air it may require several hours, 

touched first, no electricity would be removed, for all it me ors 

that of the plate B. To remove the total quantity of electricity 
method of alternate contacts, an infinite number of such contacts 
theoretically be required, as will be seen from the following ¢ 


Te the otal quanti) of pose llega BR ee De taken =, 
induction it retains on A a quantity less than its own of negative 
tricity ; let this quantity be called m; m being a fraction in all east 
than unity, but which varies with the distance of the plates and thet 
of the dielectric. Now the m of negative electricity on A, reacting i 
‘on the positive on B, retains there m x m=mt of positive electricity 
therefore the free electricity on B, that which makes the penda 
diverge, is 1, and if B be touched this quantity is removed. 1 
of negative on A now retains, on B, m? of positive ; this binds in t 
times its own quantity that is, ? of negative on A—and the free ne 
electricity which now makes the pendulum a diverge is represented 
~ mi =m(1—m*). If A be now touched, this quantity is removed, the 
dulum a sinks and 6 rises ; for B has now an excess of free elect 
which it is readily seen is represented by m%(1~ 2). By pursuing 
reasoning, it will be seen that the following expresses the quat 
removed and left after each successive contact :— 





Positive Negative 
1 m 


me mt; m(t—m*) 
m ms; m(1—m?) 
mm my m3 — mt) 
ime m4; m°—M1— mt) 





An instantancous discharge may be effected by means of the diso 
ing rod (fig. 563). This consists of two bent brass wires, terminati 
knobs, and joined by a hinge. When provided with glass hand) 
in fig. 563, it forms a glass discharging rod. 1n using this apparat 
of the knobs is pressed against one plate of the condenser, am 
other knob brought near the other. Ata certain distance a spark ¢ 
from the plate to the knob, caused by the sudden recompasition ¢ 
two opposite electricities. 

When the condenser is discharged by the discharger no stnsatl 


PP, 
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jenced, even though the latter be held in the hand ; of the two con- 

, the electric fluid always chooses the better, and hence the dis- 
wrge is effected through the metal, and not through the body. But if, 
ile one hand is in contact with one plate, the other touches the second, 
discharge takes place through the breast and arms, and a considerable 

is felt; and the larger the surface of the con- 
, and the greater the electric tension, the 
violent is the shock. 

E706, Calculation of the condensing force.—- 
Embe condensing force is the relation between the 
Lwhole charge, which the collecting plate can take 
‘while under the influence of the second plate, 
yp that which it would take if alone; in other 
Ywords, it is the relation of the total quantity of 
“gectricity on the collecting plate to that which g 
remains free ; for it is assumed that the quantity 
{offree electricity on the collecting plate is the same 

“as that which it would take if it were alone. 

To calculate the condensing force, let us, as before, express. the total 
quantity of positive electricity which the collecting plate B can take, 
while under the influence of the condensing plate, by 1, then # is the 
“whole quantity of negative clectricity on the second plate. But, as we 
have just seen, the quantity of free electricity on B is t—m’, "Hence 


ra is the fraction which expresses the condensing force. 





Fig. sf, 


The value of m is determined experimentally by means of the proof 
plane and the torsion balance. Thus, if m were o-99, the quantity of 
electricity which could be accumulated on the collecting plate B, under 
the influence of A, would be 50 times as much as the quantity it could 
receive if alone; while, if m were 0-75, the quantity would be 2-28 times 
as great. 

707. Mdmit of the charge of condensers.—The quantity of electricity 
which can be accumulated on each plate is. cateris paribus, proportional 
to the tension of the electricity on the conductor, and to the surfa 
the plates: it decreases as the insulating plate is thicker, and it ditfers 
with the specific inductive capacity of the substance. “Twa causes limnit 

which can be accumulated. First, that the 

electric tension of the collecting plates gradually increases, arid ultimately 

equals that of the machine, which cannot, therefore, impart 

electricity, The second cause is the imperfect resistance w 

Yectric: 

for when the force which impels the two fluids to recombine ex 

Tesistance offered by the insulating plate, it is perfurated, and the « 
fluids unite. 

708. Walminating pane. Franklin's plate.— 
of the condenser, and is more suitable for ziv 
Tt consists of a glass plate fixed 
tide of the glass pieces of tin foil are fast 











































which it imparts its free Being 
tracted by the first bell, and so on for some ti 


placed one in the other, as shown In figure A, 
After having charged the jar, it is placed on a 
‘coating is first removed by the hand, or better a 


Nevertheless, when the jar is put 
figure at A, a shock may be taken 
coatings had not been removed. 
coatings merely play the part of 
over the surface of the glass, ps 
this state even when placed on the 
ductivity. 

‘The experiment may be conveniently made by form 
which the inside and outside or are eae! 
having mixed the two coatings, the apparatus | 
coh a discharge may be once more taken. — be 

eS Aeures.—This cx 


jar charged with positive ck ity by the hand, ; 
with the knob on a cake of rats Ca 


=. 





u ; it is held by the knob, and another series traced by means 

z Jf now anintimate mixture of red lead and flour of 
be projected on the cake, the sulphur will attach itself to the posi- 

and the red lead to the negative lines; the reason being that in 

the powders the sulphur has become negatively clectificds and the 
positively. ‘The sulphur will arrange itself in tufts with numerous 
‘branches, while the red lead will take the form of small circular 

a difference in the distribution of the two electricities on 


Tit Penetration of the charge. Residual charge.—Not only do the 
dl adhere to the two surfaces of the insulating medium which 
ahem, but they penetrate to a certain extent into the interior, as 
bby the following experiments : A condenser is formed of a plate 
ic, ancl moveable metallic plates. It is then charged, retained in 
tate for some time, and afterwards discharged. On removing the 
coatings and examining both surfaces of the insulator, they show 
‘of electricity. After some time, however, each face exhibits the 
of some electricity of the same kind as that of the plate with 
h it was in contact while the apparatus was charged, Thi: be 
d by assuming thar the electricity had slowly penetrated from the 
to the interior during the first phase of the experiment, and had 
d to the surface during the second. 
frequently observed in Leyden jars is of the sane nature, 
efi a jar has been discharged and allowed to stand a short time, it ex- 
‘a Second charge, which is called the electric restdue. “The jar may 
ie discharged, and a second residue will be left, feebler than the 
dso on, for three or four times. Indeed with a delicate clectroscope 
succession of such residues may be demonstrated. Time is required 
penetration of the electricities into the mass ; and hence the residue 
wer the longer the jar has remained charged. ‘The magnitude of the 
fusther depends on the intensity of the charge, and also on the 
‘of contact of the metallic plates with the insulator, It varies with 
of the substance, but there is no residue with either liquids or 
insulators. Faraday found that with paraffine the residue was 
then with shellac, while with glass and sulphur it was least of all. 
fs Kas found that the residue is nearly proportional to the thick- 
of the insulator. 
] Rlcctric batteries.—The charge which a Leyden jar can take 
nds on the extent of the coated surface, and for small thicknesses is 
fersely proportional to the thickness of the insulator. Hence, the larger 
thinner the jar the mare powerful the charge. But very lange jars are 
c1 and lable to break; and when too thin, the Loe 
‘are apt to discharge themselves through the glass, 3 
Gs not quite homogencous, Leyden jars have usually from } to 7 
Fe fet of coated surface. For sore powerful charges electric batteries 


electric battery consists of a series of Leyden jars, whose internal and 
coatings are respectively connected with each other (fig, 569), 
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second, the outer coating of the second to the knob of the 
‘andiso.on; the otter coating of the last communicating with tho 








Fe 970. 


‘The inner coating of the first receives a charge ot positive elece 
from the machine, and the corresponding positive electricity set 
Jn on its outer coating, instead of passing to the ground, 
# positive charge to the inner coating of the second, which, acting 
ke manner, deyelopes a charge in the third jar, and so an, to the last, 
the positive electricity developed by induction on the outer coating 
fo the ground, ‘The jars may be discharged either singly, by con- 
the inner and outer coatings of cach jar, or simaltancously by 
the inner coating of the first with the outer of the last. In 
way the quantity of electricity necessary to charge one jar is i 
a1 Series of jars, 
from the preceding explanation it is clear, that with @ series of 
Leyden jars charged by cascade, if we call the charge of positive 
which the inside of the first jar receives 1, it will develope by 
on the outside a quantity m(m< 1) of negative electricity, and 
quantity m of positive electricity which will pass into the 
‘of the second jar; this in turn willdevelope # « m= m* of negative 
‘on the outside of that jar, and the same quantity me of positive 
icity’ will pass inco the inside of the third jar,and so forth. ‘Thus it 
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Harris's Unit Far. 630 
lated stool with its outer coating in metallic connection with the inner 
iting of Lane's jar ¢, the outer coating of which is in connection with 
to or better with a system of gas or water pipes; @ is the 

of the machine. When the machine is worked, positive elec- 
(ity passes into the jar 6; a proportionate quantity of pasitive electri- 
f t& repelled from its outer couting, passes into the inner coating-of the 
ketrometer, and there produces a charge. When this has reached a 
tain limit, it discharges itself between the two knobs, and s0 often as 
th a discharge takes place, the same quantity of positive electricity will 
Pe passed! from the machine into the battery ; and hence its charge i 
nal to the number of discharges of the electrometer, 
i's unit jar (lig. $72) is an application of the same principle, and 
fery convenient for measuring quantities of electricity, 
(all Leyden phial 4 inches in length, and 3 of an inch in diameter 
to about an inch from the 

$0 48 to expose about 6 inches Gq 
coated Tp is fixed horl- e 
fae ‘on a long. insulator, and _ 

rod connected at P 

i the conductor of the machine, 

(ile the outer coating is connected Bir 

(h the jar or battery by the rod 
When the accumulation of Fig.sre 

jetricity in the interior has reached 
jertain height depending on the distance of the,two balls m and 2”, a 
ensues, and marks a certain quantity of electricity received asa 

ange by the peters in in terms of the small jar. 

Ho aews ‘electric charge.—Harris, by means of experiments with 
Punit: Garsoiubly modiied, and Riess, by analogous arrangements, have 
fd, by Independent researches, thar for small distances the striking 
(tance is directly proportional to the quantity of electricity, and inversely 
to the extent of coated surface; in other words, it is propor- 
al to the clectric density. Thus, taking the surface of one jar as 
ty, if a battery of six Leyden jars charged by 100 turns of the machine 
fa striking distance of 9 millimeters, 2 battery of four similar jars 





asged by 120 tums will have the striking distance of 16:2 millimeters. 
r 


ge 120, 
sg= Ore 
poner 


rai62, 

le charge also depends on the nature of the glass, or other dielectric, of 
lich the jar is made; and further, is stated by Wheatstone to be 
lersely proportional to the square of the thickness of the diclectric, 
tes has also found'that when a battery or Jar is discharged in the 

distance, a charge still remains, for when the coatings are brought 
(eer a similar discharge may be taken, and 50 on, Theamount of this 
(ual charge when the discharge takes place at the greatest striking 
tance is efnvays fu the same proportion to the entire charge V0 Riess's 













of presents its posit 
af two gold leaves there is only one; the 
causes it to oscillate either to one side or tothe 
(eevesees ene tows te ind ef clase 
electrometor.—Sir William Thomson has devised a 
eine Sialcnees bavbe aban aera | 
amount of electrical charge may be mace. The princi 
rument may be understood from the following description of a st 
fcc constructed for lecture purposes by Messra. Elliot. | 
broad aluminium needle hangs by a very thin wire from the 
eee olaycan erste ‘outer coating being in con~ 
wt the 


cation with each other 
Sof wires. If nov all 


ofthe 
two pairs of quadrants 
[ed with opposite kinds 
City, as when, for instance, they are connected with the two poles 
ulated voltaic cell by means of the knobs, then each end of the 
ill be repelled by the pair of quadrants which are electrified like 
i be attracted by the other pair. It will thus be subject to 
2 couple tending to set it abliquely ta the slit, 
to render the slightest motion of the needie visible, a small 
‘mirror with a radius of about a metre is fixed above it, 
of 4 petroleam lamp, not represented in the figure, strikes 





diced living belt ; a 

us on or on 

case they cone CR eC ane ex at wl 
‘on the sensibility and contractibility of the « 
it passes; and in the latter, of violent m 


The shock taken from a charged 
coating with one hand, and tou ; 
‘more violent, and has a peculiar character. ¥ 


the chest, and with jars of still larger d 
A shock may be given to a large n 

means of the Leyden jar, For hia pp 

joining hands, If then the first touches 

jas, while the last at the same time touches 

\aneous shock, the intensity of which depend 


| 





The Btectric Discharge. 


ber of persons receiving it. ‘Those in the centre of thé chain are 
toreceivea less violent shock than those near the extremities. ‘Tho 
"Nolet discharged a Leyden jar through an entire rogiment of 1500 
‘who all received a'violent shock i in the arms and shoulders, 
th Large Leyden jars and batteries the shack is sometimes very 
- Priestley killed rats with batteries of 7 square feet coated 
ce, and cats with a battery of about 44 square yards coating. 
Zuminous effoots.—The recomposition of two electricities of 
tension is always accompanied by a disengagement of light, as is 
when sparks are taken from a machine, or when a Leyden jar iq 
ged. The better the conductors on which the electricities are 
cumulated, the more brilliant is the spark; its colour varies not only 
the nature of the bodies, but also with the nature of the surrounding 
fium and with the pressure. ‘The spark between two charcoal points 
i y, between two balls of silvered copper it Is green, betweea knobs 
od or ivory it is crimson. In atmospheric air at the ordinary prés« 
fe thie electric spark is white and brilliant; in rurefied air it is reddish; 
} in vacuo it § violet. In oxygen, as in air, the spark is white; in 
ogen it ix reddish ; and green in the vapour of mercury; in carbonic 
itis also green, while in nitrogen it is blue or purple, ani accom- 
d by a peculiar sound. Generally speaking, the higher the tension 
‘greater is the lustre of the spark. {tis asserted by Fusinieri that in. 
electric spark there i¢ always a transfer of material particlesin a state 
if tenuity, in which case the modifications in colour must be due 
‘the transport of ponderable matter. 
hen the spark is viewed through a prism, the spectrum obtained is 
ill of dark lines (527), the number and arrangoment of which depend on 
‘nature of the poles. 
"923. Spark and brash discharge.— The shapes which luminous 
phenomena assume may be classed under two heads—the sparé 
and the érwsh. The brush forms when the electricity leaves the con- 
tor ina continuous flow ; the spark, when the discharge is discon- 
‘The formation of one or the other of these depends on the 
‘of the conductorand on the nature of the conductar in its vich 
small alterations in the position of the surrounding conductors trans. 
the one into the other. 
“Phe spark which at short distances appears straight, at longer distances 
a zigsag-shape with diverging branches. Its length depends on 
Hensioa atthe part of the conductor from which it is taken ; and to 
the longpst sparks the electricity must be of as high tension as 
40 high as to discharge spontancously. With long 
‘the luminosity is different in different parts of the spark, 
brush its name from the radiating divergent arrangement 
light, and presents the appearance of a luminous cone, whose apex 
the conductor, Its size and colour differ with the nature and 
m of the conductor; it is accompanicd by a peculiar hissing noise, 
differemt from the sharp crack of the spark. Its luminosity is far 
than that of the spark, for while the latter can easily be seen by 
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daylight, the former is only visible In a darkened room. Th 
discharge may be obtained by placing on the conductor awire Sle 
at the end, or, with a powerful machine, by placing a senalt buille 
conductor. The brush from a negative conductor is bess than 
positive conductor; the cause of this difference has not bee 
factorily made ont, but may originate in the fact, which Farat 
observed, that negative electricity discharges into the alr at | 
what lower tension than positive clectrielty ; 30 thata negatively) 
Knob sooner attains that tension at which spontaneous dischary 
place than does a positiwely charged one, and. therefore <ischat 
electricity at stnaller intervals and in less quantities. 

When electricity, in virtue of its high tension, issues from aco 
no other conductor being near, the discharge takes place withot 
and at the places at which it appears there is a pale bloe lun 
called the e/rcirical g/ot, or on points, a star-like centre of ligh 
een in the dark by placing @ point on the conductor of the mach 

724 Moctric esg—The influence 
pressure of the air on the electric fight 
studied by means of the efectric ox 
consists of an ellipsoidal plass vessel () 
with metal caps at each end. The lo 
is provided with @ stopcock, $0 that i) 
screwed into an air pump, and also into 
metallic foot. ‘The upper metallic ro 
up and down in a leather stuffing b 
lower one is fixed to the cap. A vacuun 
been made, the stopcock is turned, 
vessel screwed into Its foot; the upper 
then connected with a powerful elects 
chine, and the lower one with the grou 
working the machine, the globe becom 
with «feeble violet light continuous 
end to the other, and resulting from 
composition of the positive uid of th 
cap with the negative of the lower, 1) 
be gradually allowed to enter by ope 
stopcock, the tension of the electricity | 
with the resistance, and the light mow 
white and brilliant, and is only sec} 

Fig 6 ordinary intermittent spark. 

Some beautiful effects of the electric light are obtained by 0 
Geissler's tubes, which will be noticed under Dynamical Electric 
aquare, amd Dottie, The fist 
377) is w glass tube about a yard long, round whieh ane ate 
piral form « scrics of lozenge-shaped pieces of tin foil, between) 
very short intervals, There is a brass cap with hooks at each 
which the spiral terminates. If one end be presented 10 8m) 
action, while the other is held in the hand, sparks appear simalt 
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egies inch distant from the Mekespore 
from the machine, and as rapidly as this is wot ean 

sparks pass between the knob and the outer coasting, dhimalvating 
outside of the apparatus. 

726. Calorific eftects,—Besides being luminous, the cectric 5 
is a source of intense heat, When it passes 
liquids, as ether or alcohol, it inflames them, An artangemest 
effecting this is represented in figure 58a ft Is = small glass 
through the bottom of which passes a metal rod, terminating ina 
and fixed to a metal foot. A quantity of liquid sufficient to cover 
knob is placed in the vessel. The outer coating of the jar having 
connected with the foor by means of 2 chain, the spark which pe 
when the two knobs are brought near each other inflames the os 
With ether the experiment succeeds very well, but alcohol requires © 
first warmed, 

Coal gas may also be ignited by means of the electric spark. A pen 





Te te 


standing on an insulated stool places one hand on the onicand 
machine which is then worked, while he presents the ather tothe eh 
issuing from a metallic burner. “The spark which passes let 
When a battery is discharged through an Tron or stoe! wire it 
heated, and even made incandescent or melted, if the discharge #1 


powerful, 





The Electric Discharge. 
heating effect have been investigated independently 
Harris and by Riess by means of the electric thermometsr. ‘This 
an air thermometer, across the bulb of which is a fine 
im wire. When a discharge is passed through the wire it becomes 
‘expands the air in the bulb, and this expansion ts indicated in 

‘motion of the liquid along the graduated stem of the thermometer: 
this way it has been found that the increase in temperature in the wire 
proportional to the electric density multiplied by the quantity of 

ity; and since the electric density is equal to the quantity ‘of 
ly measured by the number of discharges of the 
"by the surface, the heating effect is proportional to the 
of the number of discharges divided by the surface; that Is,» ¢. 

Riess has also found that with the same charge, but with wires of 
[erent dimensions, the rise of temperature is inversely as the fourth 
nice of the diameter. ‘Thus, compared with a given wire as unity, the 
fie of temperature in a wire of double or treble the diameter would be 2, 
FA asamall; but as the masses of these wites af¢ four and nine times 
great, the Acat produced would be respectively } and | as great as ina 
lire of unit thickness. 

When an clectric discharge is sent through gunpowder placed on the 
thie of a Henley’s discharger, it is not.ignited, but is projected in all 
frections, But if a wet string be interposed in the circuit a spark 
fasses which ignites the powder. atises from the retardation 
‘hich electricity experiences in traversing a semi-conductor, such as & 
jet @ring : for the heating effect is proportional to the duration of the 


When a charge is passed through sugar, heavy spar, fluorspar, and 
(her substances, they afterwards become phosphorescent in the dark. 
(gaps, fruit, etc, may be made luminous in the dark in this way, 

| When a battery is discharged through a gold leaf, pressed between two 
lass plates or between two silk ribbons, the gold is volatlised in a violet 
fdr which is finely divided gold. In this way the electric portraits 
Te obsained, 

‘Siemens has shown that when a jar is charged and discharged several 
tues In succession it becomes heated. Hence there must be movements 
[ the molecules of the glass as Faraday has supposed, 

727 Magnetic offects.—by the discharge of a large Leyden jar or 
Attery, a steel wire may be magnetised if it is laid at right angles to a 

fing wire through which the discharge is effected, either in contact 
Ith the wire or at some distance, And even with less powerful discharges, 
‘bar orneedie may be magnetised by placing {t inside a tube on 
is coiled a fine insulated copper wire. On passing the discharge 
‘this wire the steel becomes magnetised. 
‘To effect a deflection of the magnetic needle by the electric current 
by frictional electricity is more diffieuk. It may be accom 
by making use of a galvanometer consisting of 400 or 500 
of fine silk-covered wire, which is further insulated by being 




















aband Chemical Effects. Gt 
driven out of the larger tube and rises to a slight extent in 
‘The level is immediately re-established, and therefore the 
n is not due to an increase of temperature. 








Fig, se. 


For the production of mechanical effects the universal discharger, 
570, is of great service. A piece of wood, for instance, placed on the 
Re between the two conductors, is split when the discharge passes. 
[29- Chemfoa effects, — ‘he chemical effects are the decompositions 
1 ‘recombinations effected by the passage of the clectric discharge. 
here two gases which act on each other are mixed in the proportions in 
feh they combine, a single spark is often suificient to determine their 
ion ; but where either of them is in great excess, a succession of 
is necessary. Priestley found that when a series of electric sparks 
through moist air, its volume diminished, and blue liunus 
into the vessel was reddened. ‘This, Cavendish found, was 
to the formation of nitric acid. 
feveral compound gases are decomposed by the continued action of 
{electric spark. With olefiant gas, sulpburetted hydrogen, and am- ' 
(Ria, the decomposition is complete ; while carbonic acid is partially 
{omposed into oxygen and carbonic oxide. ‘The electric discharge also 
means can feebly decompose water, oxides, and salts; but 
the same in kind, the chemical effects of statical electricity are by 
#0 powerful and varied as those of dynamical electricity. ‘The 
action of the spark is easily demonstrated by means of a ! 
of iodide of potassium. A small lozenge-shaped piece of filter- - 
impregnated with iodide of potassium, is placed on a glass plate, 
comer connected with the ground. When a few sparks from a 
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properti rf 
series of points from a coni ir 
accurately known ; some regard it, and with great 
allotropic modification of oxygen, and others as a 

The electric pistol is a small apparatus: 
‘chemical effects of the spark. It consists of 
which is introduced a detonating mixture of : 
‘one of oxygen, and which is then closed with - Ina tubclurcia d 
side thore is & glass tube, in which fits & metallic rod, terminated by’ 
fenobs A and B, The knob is held as 1 in fig. 5%, 
brought near the machine. The knob A y, andl 
positively electrified by induction from the mac ae * 
between the conductor and A. Another spark at the sume ti 
between the knob B and the side; this deter the combinztia 


the gases, which is accompanied by a great disengagement of 
the vapour of water formed acquires such an expansive force, dit 
cork is projected with a report like that of a pistol. 

730. Application of tho cloctrioal discharge te Grins 
the labours of Prof Abel in this country, and of Baron 
Austria, the electrical discharge has been applied to firing t 
military purposes, and the methods have acquired a high degree @) 
fection. The principle on which the method is based may’ 
from the following statement = A 

One end ofan insulated wire in which is a stnall beak 
contact with the outside of a charged Leyden jar, the othere 
placed near the inner conting, If now this end be | 
with the inner coating the jar is discharged and a spark 
bi and if there be here some explosive compound it fs is 
this ignition may of course be communicated to any gun 
itis placed. If on one side of the break, instead of havin 
wire direct back to the nuter coating of the Leyden jateas 
wire be led into the ground, the outside of the jar being alsa’ 


xk 














645 ~ 
‘aherwards closed bya plug of gutta percha, and the 
‘coated with black varnish. 


Bs Soally es 
‘free ends of the wires @ @are pressed into small grooves in the 
the cviinder (fig. 587). and each end {s bent into one of the small 
ot = ; E 


enall copper tubes, the ends of which are then filed flush wich the surface 

ef tive cylinder. The bared ends of two insulated conducting wires are 

Pressed into one of the small copper tubes or eyes, and fixed there 
‘bending the wire round on to the wood, az shown at ¢. 

conducting wire used in firing may be thin, but it must be well 

‘One end, which is bared. having been pressed into the hole a 

fase, the other is placed in proximity to the exploder. [nto the 

hole @ of the fuse a wire is placed which serves as earth wire, care 

‘taken that there is connection between the two wires. The fuse 

‘been introduced into the charge the earth wire is placed in good 

tion with the ground. ‘The knob fof the exploder is also con- 

ed with the earth by leading uncovered wire into water or moist 

and the condition of the machine tested. The end of the insulated 

is then connected with the knob ¢ and the rod drawn down ; at the 

aper signal the handle is turned the requisite number of times, and 

When the signal is given the trigger is depressed, and the explosion 


‘When a number of charges are to be fired they are best placed in a 
(Gtighe circuit, care being taken that the insulation is good. 
‘Ul. Duration of the electric spark. Vélocity of rlolty.— 
tome has measured the duration of the clectric spark, and the 
felocity of electricity, by means of the rotating mirror, which he invented 
this purpose. At some distance from this instrument, which can ‘be 
fade to rotate with a measured velocity, a Leyden jar is so arranged that 
"Reespark of its discharge is reflected from the mirror. Now, from the 
(ws of reflection (Note, art. 470) the image of the luminous point 
flescribes an are of double the number of degrees which the 


Knowing the number of turns which the mirror makes in a 

measuring, by means of a divided circle, the number of de- 

‘occupied by the image, the duration of the spark would be deter- 

Tn one experiment Wheatstone found that this arc was 24° 

Jn the time in which the mirror traverses 360° the image traverses 

Dut in the experiment the mirror made 860 turns in a second, and 

Eee tetmes traversed 576,000" in this time; and as the are was 

* the imaee must have lasted the time expressed by xyhtin OF samy Of 

Second. ‘Thus the discharge is not instantancous, but has a certain 
nm, which, however, is excessively short, 

Feddersen found that when greater resistances were interposed fn the 

iit throagh which the discharge was effected, that the duration of the 
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the mirror made an angle of 45° with the horizon. 
Now, if the mirror were at rest or had only a 

‘of the three sparks would be seen as three dots 


the rotation was more rapid, 
which, with 80 revolutions in a 


Line, But with greater vel 

left to right they presented the appearanee — = x 
from right to left the appearance ===, bee 
centre spark was formed after the lateralones. Vi 

this displacement amounted to half a ogre before or | 


velocity of electricity, 288,000, pis ay 

that of light, The velocity of 

to induction, the transmission of a pet begets 

comparatively slow, A 
In the above experiment the images of the 


=. 
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neously in the mirror, from which it follows that the electric 
issues simultaneously from the two coatings of the Leyden jar. 
1 certain theoretical considerations based upon measurements of 
at electrical currents, Kirchhoff has concluded that the motion of 
ity in a wire in which it meets with no resistance is like that of a 
na stretched string, and has the velocity V = 4099159 or 192,924 
: 2 
1a second, which is about that of light in vacuo. According to 
+, the velocity of electricity is 18,400 miles, and according to Fizeau 
ounelle, it is 62,100 miles in iron, and 111,780 in copper wire. 
measurements, however, were made with telegraph wires, which 
opposite electricities in the surrounding media ; there is thus pro- 
a resistance which diminishes the velocity. The velocity is less 
re in water than in air. The nature of the conductor appears to 
ame influence on the velocity ; but not the thickness of the wire, 
: tension of the electricity. 
atmospheric electricity, reference must be made to the chapter on 
rology. 


648 Dynamical Electricity. i 





BOOK X. 
DyN***""*" ELECTRICITY, 
tER L 
VOLTA ‘S MODIFICATIONS. 
752. Galvani's expert theory.—The fundamental er 


ment which led to the distu..., __ _ynamtical electricity ts duc to Gal 
professor of anatomy in Bologna. Occupied with investigations un th 
fluence of electricity on the nervous excitability of animals, and espec 





Fig. $85. 


of the frog, he observed that when the lumbar nerves of a dead frog 
connected with the crural muscles by a metallic circuit, the latter be 
briskly contracted. 

To repeat this celebrated experiment, the legs of a recently killed 
are prepared, and the lumbar nerves on each side of the vertebral cc 


Volta's Experiment. 


{exposed in the form of white threads. A. metallic conductor, com+ 
hed of zinc and copper, is then taken (fig. 389), and one end introduced. 
(ween the nerves and the vertebral column, while the other touches one 
ithe muscles of the thighs or legs ; at each contact a smart contraction 
the muscles ensues. 
Galvani had some time before observed that the electricity of machines 
duced in dead frogs analogous contractions, and he attributed the 
fomena first described to an electricity inherent in the animal. He 
fumed that this electricity, which he called vitad fluid, passed from the 
ves to the muscles by the metallic are, and was thus the cause of cons 
lation. ‘This theory met with great support, especially among physiola- 
| bur it was not without opponents. ‘The most considerable of these 
Alexander Volta, professor of physics in Pavi 
[3 Volta’s fundamental exporiment.—Galvani’s attention had been. 
Hhisively devoted to the nerves and muscles of the frog ; Volta’s was 
ceed upon the connecting metal Resting on the observation, which 
Ivani had also made, that the contraction is more energetic when the 
\mecting arc is composed of two metals than when there is only one, 
Ita axtributed to the metals the active part in the phenomenon of con 
Gtion. He assumed that the disengagement of electricity was due ro 
Ercontact, and that the animal parts only officiated as conductors,and. 
the same time as a very sensitive electroscope. 
By means of the then recently invented clectroscope, Volta devised 
ral modes of showing the disengagement of electricity on the contact 
hetals, of which the following is the easiest to perform : 
[ihe moistened finger being placed on the upper plate of a condensing 
Htroscape (fig. $73) the lower plate is touched with a plate of copper, c, 
fered to a plate of zinc, 2, which is held in the other hand. On 
faking the connection and lifting the upper plate (fig. 574), the gold 
bes diverge, and, as may be proved, with negative electricity. Hence, 
ti soldered together, the copper is charged with negative electricity, 
f the 2inc with positive electricity. The electricity could not be 
beither to friction or pressure; for if the condenser plate, which 
of 4 iS touched with the zinc plate 2, the copper plate to 
Kivi fo selderea being held in the hand, no trace of electricity is 
berved, 
A memorable controversy arose between Galvani and Volta. The 
Yr was led to give greater extension to his contact theory, and pro~ 
(ededl tho principle that when seo Acterogencous substances are placed 
leita, ene of them always assumes the positive and the other the 

electrical condition. In this form Volta’s theory obtained the 
fat of the principal philosophers of his time. Galvani, however, made 
limber of highly interesting experiments with animal tissues. In some 

The obtained indications of contraction, even though the sub- 

im Contact were quite homogeneous. 
Disengagement of electricity tn chemical actions.—The 

theory which Volta had propounded, and in which he explained 
TE 
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the action of the pile; soon encountered | 

man of Volta, having observed that . the: 

oxidised in contact with the acidulated water, 

was the peinipal canse of tht SieeagaESEE Inks 
Wollaston soon advanced ae same, opinion, and ai 
many ingenious experiment 

tris Cue tan fa be ndaiiaeeae 
Volta obtained signs 
the zine be held ina wooden signs 
that the same is the caseif the zine be placed in gases, such 
or nitrogen, which exertm =~ temical action. De Ia! 
cordingly concluded that 
ment of electricity is due 
perspiration and from the~ 

‘The development of el 
strated in the following mr 
(718). A disc of moiste 
condenser, and on this a 
is poured, A platinum w nicating with the [ 
lated from the Hides of the vessc., .. immersed in ten and a a 
same time the lower plate of the condenser is also connected with ti 
ground by touching it with the moistened finger. On breaking cosit 
and removing the upper plate, the gold leaves are found to be jal 
tively electrified, proving that the upper plate has received a charged 
negative electricity due to the chemical action of the sulphuric acid # 
the zine, 

By a variety of analogous experiments it may be shown that # 
chemical actions are accompanied by a disturbance of the electricaleyt 
librium, This is the case whether the substances concemed in 
action are in the solid, liquid, or gaseous state, though of all el 
actions those between metals and liquids are the most productive! 
electricity, All the various resultant effects may be explained on 
general principle, that when a liquid acts chemically on a metal 
liquid assumes the positive electrical,and the metal the negative 
condition. In the above experiment the sulphuric acid, by its action 
zinc, became positively electrified, and its electricity passed off 
the platinum wire into the ground, while the negative electricity 
in the zinc acted on the condenser just as an excited rod of se 
would have done. 

In many cases the electrical indications accompanying ches 
actions are but feeble, and require the use of a very delicate de 
scope to render them sensible. ‘Thus, one of the most energetic < 
actions, that of sulphuric acid upon zinc, gives no more free ¢ 
than water alone does with zinc. In the former case, both the metal # 
the liquid are good conductors, and hence the two electricities tend) 
recombine directly at the place of their separation, instead of one past 
into the earth and another into the condenser. Only a small pot 
escapes neutralisatior, and it is this which the instruments indicate 





Electromotive Series. 
‘not to confound the electricity yenerated with the electricity 


Feat electricity-—Whicn « plate of zinc and a plate of copper 
ly immersed in dilate sulphuric acid, a disturbance of the 
squilibrium ensues, for, by moans of delicate electroscopic 
ts, it may be shown that the zine plate possesses a feeble 
negative and the copper plate a feeble charge of positive 
iiiitinesmae tina thone fa slight disengagement of hydro- 
ine. If now the plates be placed in rest 

tai 


fs now disengaged from 


epee Soe (Bg. 590) ; and if 
‘be examined it ‘will be 


Sbed. So long as the metals 
id, the opposite electrica 

‘two plates discharge 

by means of the wire, but are 
stored, and as rapidly 


an in which the positive electricity is supposed to flow, the 
[ithe negative current in the wire being from the zinc to the 
ut the existence of this current is purely hypothetical, and 
# taken as more than a convenient mode of explaining the 


ortes.—The arrangement just 
‘of two metals in metallic contact, and « conducting 
dich they are placed, constitutes a srmple vultaic element or 
ong as the metals are not in contact, the couple is said to be | 
fhen connected it is e/oseat. 
troduction of a voltaic current it is not necessary that one of 
‘be unaffected by the liquid, but merely that the chemical 
(the one be greater than upon the other, For then, in ace 
jth what has been before stated (735), the two metals may be 
to give tise to two separate currents, of which the one pro- 
im the metal most attacked is the stronger, and the current 
‘therefore the difference between two unequal currents. If 
te were absolutely equal, a condition, however, practically 
to realise, we must assume that no electrical effects would be 
‘The metal which is most attacked is called the positive o¢ 
plate, and that which is least attacked the wegative or colleite 


ree 








d nitric acid the reverse is the case, mercury and zinc beng 
tectively clectronegative towards lead and tin, 

he mature of the liquid also influences the direction of the cirment, 

| Ceripatial copper and one of iron, are immersed in dilute sul- 

wae current is set up proceeding through the liquid from the 

ees but if the plates, after being washed, are placed in 

eecaety a current is produced in the opposite 

now the positive metal. Other examples may be 

Scene table, which shows the electric deportment of 

metals with three different liquids. It is arranged like the 

mc each metal being Stich opeabiva towards any one lower 





be list, and electronegative towards any one higher. 

} Cruntic potas Mydrochlorke act ees 
Zine Zinc Zine 

| To Cadmium c 
Cadmium Tin Cadmium 
‘Antimony: Lead Tin 
Lead Iron Silver 
Bismuth Copper Antimony 
Tron Bismuth 
Copper Nickel Bismuth 
Nickel Silver Nickel 
Silver Antimony Iron 


(voltaic current may also be produced by means of two liquids and 
metal. This may be shown by the following experiment: In a 
ker containing strong nitric acid is placed a small porous cylinder 
‘ed.at one end, and containing strong solution of caustic powass, If 
itwo platinum wires connected with the two ends of a galvanometer 
immersed respectively in the alkali and in the acid, a voltaic 
t is produced, proceeding in the ‘wire from the nitric acid to the 
, which thus corresponds respectively to the negative and positive 
csin ordinary couple. 
‘metal which is acted upon by a liquid can be protected from solution 
Sncing: contact with it a more clectropositive metal, and thus form- 
simple voltaic circuit. ‘This principle is the basis of Davy’s pro- 
protect the copper sheathing of ships, which are rapidly ns 
sea water. If zinc or iron be connected with the copper, these 
dissolved and the copper protected. Davy found that a piece 
= the size of a nail was sufficient to protect a surface of forty or fifty 
finches, but unfortunately the proposal has not been of practical 
ie, for the copper must be attached to a certain extent to prevent the 
erence of marine plants and shellfish. 
$8, Poles and electrodes.—If the wire connecting the two terminal 











es of a voltaic couple be cut, it is clear, from what has been sald~ 
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‘case, the end in contact with the ground is neutral, and 
Apparatus only contains one kind of electricity; this is 
ifs copper dise is in contact with the ground, and potitiveit it 


nthe insulated pile the electricity is not uniformly distributed. By 
of the proof-plane and the electroscope it may be demonstrated 
tthe Rocks is in @ neutral state, and that one-half is charged 


th positive and the other with negative electricity, the tension increas 
from the middle to the ends. The half terminated by a ging is 
with negative electricity, and that by a copper with positive 
7 em is thus similar to a charged Leyden jar ; with this 
however, that when the jar has been discharged by connecting 
‘two coatings, the electrical effects cease ; while in the case of the pile, 
fears which originally brought about the distribution of electricity 
this state of charge after the discharge; and these successive 
and discharges are continuous; they formthe current. ‘The effects 
eee will be discussed in other places. 
‘Wollaston’ battory.—The original form of the voltaic pile has 
i many inconveniences, and possesses now only an historical 
It has received a great many improvements, the principal 
‘of which has been to facilitate manipulation, and to produce 
eater electromotive force. 
fooser the earliest of these modifications was the crown of cups, or 
des tasses, invented by Volta himself; an improved form of this 
ne as Wollaston's battery (Gg, 992); it is arranged so that when 
be current Is not wanted, the action of the battery can be stopped, 


plates Z are of thick rolled zinc, and usually about eight inches 
by six in breadth. The copper plates C are of thin sheet, and 
to surround the zincs without touching them : contact being 
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prevented by small pieces of cork, ‘To each copper plate a natroy 
of copper, ¢, is soldered, which is bent twice at right angles \ 
soldered to the zinc plate; and first zinc Z is surrounded by th 
copper C; these two constitute a couple, and each couple is imine 
a glass vessel, containing acidulated water, The copper C is sold 
the second zine by the strip ¢, and this zine is in turn surround 
second copper, and soon. 

Figure 592 represents a pile of sixteen couples united in two p 
series of eight each. All these caup’es are fixed to a cross fr: 
wood, by which they can be raised or lowered at pleasure Wh 
attery is not want *“*~~~~*~""~"slifted out of the liquid. Thew 








these vessels is use th 2 sulphuric and 4 of nitric 

Hare's deflagrater. aple voltaic arrangement, con 
of two large sheets + zine rolled together in a spit 
preserved from dire ands of Jeather or horsehair, 
whole is immersed. j dining acidulated water, and 
plates are connecte* id by a conducting wire. 

741. Enfeeviem ent in batteries. Secondar 
rents. Polarity.— fatteries already described, 1 





Wollaston’s, and Hare's:s was consist essentially of two metals at 
liquid, labour under the objection that the currents produced 1 
diminish in intensity. 

This is principally due to three causes; the first is the decrease 
chemical action owing to the neutralisation of the sulphuric acid 
combination with the zinc, This is a necessary action, for upon it d: 
the current ; it therefore occurs in all batteries, and is without r 
except by replacement of acid and zinc. The second is due to » 
called /ocal action ; thatis, the production of small closed currents 
active metal, from the impurities it contains. These local ci 
rapidly wear away the active plate, without contributing anyth 
the general current. They are remedied by amalgamating the zin 
mercury, by which chemical action is prevented until the cir 
closed, as will be more fully explained (750). The third arise: 
secondary currents, These are currents which are produced in the t 
in a contrary direction to the principel current, and which des 
cither totally or partially. In the fundamental experiment (fg 
when the current is closed, sulphate af zinc is formed, which di 
in the liquid, and at the same time a layer of hydrogen gas is gr: 
deposited on the surface of the copper plate. Now it has been 
that the hydrogen deposited in this manner on metallic surfaces a 
more energetically than ordinary hydrogen. In virtue of this inc 
activity it gradually reduces some of the sulphate of zinc formed, 
layer of metallic zinc is formed upon the copper; hence, inst 
having two different metals unequally attacked, the two metals t 
gradually less different, and, consequently, in the wire there a 
Currents tending to become equal ; the total effect, and the curren: 
observed, become weaker and weaker. 

The polarisation of the plate (as this phenomenon is termed) 1 








; the deposit then dissolves, and on 
‘The same result is 


latinum electrodes which had been 
this liquid and 
‘a current when connected, in a direction 
Y at first transmitted, He calls this the 
‘the electrodes, Becquerel and Faraday have shown that 
larity of the metals results from the deposits produced by secondary: 
& 


(pum electrodes, however, which have been used to decompose 
‘ater, may also become polarised. This phenomenon, as Matteucci 
awn, arises from a deposit of hydrogen on the one, and of axygen 
other electrode, 





CONSTANT CURRENTS, 


‘Constant currents,—With one or two exceptions, batteries com 
sf elements with a single liquid have gone almost entirely out of use, 
sequence of the rapid enfecblement of the current produced. They 
ten replaced by batteries with two liquids, which arecalled comstame 
ts, because their action is without material alteration for a consider. 
tried of time, The essential point to be attended to in securing a 
fat current is to prevent the polarisation of the inactive metal ; in 
te hinder any permanent deposition of hydrogen om its sur 
‘This is effected by placing the inactive metal jn « liquid upon 
the deposited hydrogen can act chemically. 
‘Daniel's battery. This was the first form of the constant 
and was invented by Daniell in the 
. As regards the constancy of its 
is still the best of all constant 
593 represents a single 
glass or porcelain vessel, V, con- 
wraged soluticn of sulphate of 
which {s immersed a copper 
C, open at both ends, and per- 
holes. At the upper part of this 
e elf, G, also 
Vo by small holes, and below the 
t 


=e 


Pee 
Paks 
ft 
a 





cal 
iy 


F 


‘the solution; this is intended to 
‘crystals of sulphate of copper to 
that decomposed as the electrical 
proceeds. Inside the cylinder is a 
Qrous vessel, P, of unglazed earth. Fe ns 

| This contains cither solution of common salt or dilute sulphuric 
t which is placed the cylinder of amalgamated zinc, Z. Two thin 
of copper, # and’ m, fixed by binding screws to the copper and 
Bile, serve for connecting the elements in series, 

ry 





ae 





‘owing to the high price ee reesnomn tenis which the 


after some time, to become brittle and break very easi 
latinum is not consumed, it fete its value; and when the ue 
have been used in a battery are heated to redness, they retain their 


Bumen's baltery, also known as the sine 
Ys was invented in 1343 ; it is nothing more than Groves 


rts, or by caleining is i intimate mixture of coke and 
inous coal, finely powdered and. strongly compressed. Both these 
bon are good conductors, Each clement consists of 

ing parts; 1. a-vessel, F (fig. 596), either of stoneware or of 
containing dilute sulphuric acid ; 2. a hollow cylinder, Z, of amal- 
which is ordinary nitric acid; 4. 





Vig m6. 


‘of carbon, C, prepared in the above manner, In the vessel F 

fie zinc is first placed, and in it the carbon as seen in P. To the carbon 

fixed a binding screw, m, to which a copper wire is attached, forming 

positive pole, The zinc is provided with a similar binding screw, m, 
fd wire, which is thus x negative pole. 

elements are arranged to form a battery by connecting each carbon 

zinc af the following one by means of the clamps mn and a strip of 

‘¢ represented in the top of the figure. The copper is pressed at 

end between the carbon and the clamp, and at the other it is soldered 

clamp # which is fitted on the zinc of the following element, and so 

‘The clamp of the first carbon and that of the last zinc are alone 

with binding screws to which are attached the wires. 

chemical action of Bunsen’s battery is the same as that of Grove's, 

‘being equally powerful, while less costly, is almost universally used 

the Continent. But though its first cost is less than that of Groye’s 

;, it if more expensive to work, and is not so convenient to mani« 


%* battery is a modified form of Grove's. Instead of zinc and 
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f platinum, silver covered with a deposit of finely divided pla- 
Substituted, as being cheaper. 
battery —This- resembles Smce’s battery, but the electro- 











Railway, and promises to come into more extensive usc, 
it has considerable electromotive force; it is convenient and econo= 
a) is meanipalation, and large-sired elements can be constructed at a 


Sioae wae Denys eeu silphate of meresry battery (fig. 398) de- 
‘M, Marié Davy, is essentially a zinc-carbon element, but of smaller 





Fig wo Fig: too, 


‘ensions than those elements usually are. In the outer vessel V ordinary 
€t or brine is placed, and in the porous vessel sulphate of mercury, 
& salt i¢ agitated with about three times its volume of water, in which 
difficultly soluble, and the liquid poured off from the pasty mass, ‘The 
jon being placed in the porous vessel the spaces are filled with the 
dee and then the decanted liquid poured into it. 
Jemical action takes place only when the pile is closed. The zinc 
4 decomposes the water, liberating hydrogen, which traversing the 
jus vessel reduces the sulphate of mercury, forming metallic mercury, 
ch collects at the bottom of the vessel, while the sulphuric acid formed 
be samme time traverses the diaphragm to act on the zine and thus in= 
(ste the action. The mercury which is deposited may be used to pre- 
$a quantity of sulphate equal to that which has been consumed. A 
OU quantity of the solution of sulphate of mercury may also pass through 
diaphragin; but this is rather advantageous, as its effect is to amalga- 
fe the zinc, 
‘he electromotive force of this clement is about a quarter greater than 
{of Daniel's clement, but it has greater resistance; It is rapidly ex- 
Sted when continuously worked, though it appears well suited for dis- 
finaous work, as with the telegraph, and with alarums, 
iravity batteries. The use of porous vessels is liable to many objec- 
‘& more especially in the case of Daniel's battery, in which they 
Teally become encrusted with copper, which destroys them. A kind of 
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battery has been devised in which nel ‘s afi 
with, and the separation of the liqui t 
density, Such batteries arecalled gravity batteries; the one in 
telegraphic establishment of the Royal Engineers at Chatham 
this principle. 

Figure 599 represents a form devised by 
glass or earthenware vessel in which is a 


phate of copper; the actio: 
phate of zinc which gradua, 
copper owing to its lower der 
‘This battery is easily + 
copper is economical, an 


some months, provided 
evaporation. 

Menotti's battery. —Thit 
which the porous vessel is .~ 
the bottom of an earthenware vesset (fig, 610) is placed a layer of ¢ 
powdered sulphate of copper ¢, and on this a copper plate provided 
an insulated copper wire . On this there is a layer of sand or of 
éc, and then the whole is filled with water in which rests a zine cylin 
The action is just that of a Daniell ; the sawdust prevents the matt 
the liquids but it also offers great resistance, which increases wit 
thickness. 

This battery is coming into use for telegraphic work, and from its 
plicity and economy, and the facility with which it is constructed, 
increased attention, 

Leclanche's elements consist of a rod of carbon placed in a porow 
which is then tightly packed with a mixture of pyrolusite (pervs 
manganese) and coke. The porous pot is contained in an outer 
which is the electropositive clement the zinc, The exciting ligadi" 
solution of sal ammoniac; it is advantageous not to fill the yess 
than one-third with the liquid. ‘The battery is coming into very exet 
use ; its electromotive force is about yf that of a Daniell, and its 
ance about 1} of a British Association unit. 

748. Blectromotive force of different elements.— The followin 
have been obtained for the electromotive force of the most usual « 
tions ; they are the means of many careful determinations, 








Bunsen’s clement me SP oy & 839 
Groves, E deer ta » 839 
Daniels, S eke 470 


Smee’s yy eae! re + 210 
Wollaston’s ,, « . m 4 4 + 208 
+ 749: Tematom of the battery.—The tension of the battery is us 
detined as being the tendency of the electricity accumulated at the 
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to free itself, and to overcome the obstacles offered to its 

It is proportional to the electromotive force : thus the tension 

‘a zinc-carbon battery is greater than that of a zinc-copper battery. 
tension of @ battery must not be confounded with the guantity of 
icity whith it can disengage, The tension of a battery is propor- 
ey the number of couples, while the quantity, other things being 

to their surface. The larger this surface the greater 

“the eas of electricity which flows in the circuit. This quantity 
increases with the conductivity of the liquid interposed between the 

; the tension on the contrary is independent of the nature of this 





in the case of a very considerable number of couples, thetension 
the extremities of the battery is always far weaker than in electrical 





| Gaassiowt’s great battery, which consisted of 3520 zinc and copper 
with poles 4 of an inch apart, gave a seties of sparks across this 
which lasted for weeks. 

By means of a delicate condensing electroscope, and by extremely care- 
the tension of a battery and cven of a single cell may be ob- 
For this purpose one of the plates of the electroscope is connected 
‘one end of the pile, and the other with the other end or with the 
‘The apparatus is then charged, and on breaking the communi- 
jc indications are observed. A Leyden jar may even 
‘charged when the interior coating is connected with one end of the 
arxi the external coating with the other ; but the tension of this charge 

& far feebler than that furnished by an electrical machine. 
‘On the other hand, the quantity of electricity which is furnished by a 
element is very great as compared with that of the machine. 
two wires, one of zinc, and the other of platinum, each 
of an inch in diameter, in acidulated water for J, of a second. The 
‘thus produced on a magnetic needle in this short time was greater 
that produced by 25 tums of the large clectrical machine of the 

Tasticution, 







stec. Zecal eurrents.—De Ia Rive observed that 
Pore distilled zinc was not attacked by dilute sulphuric acid, but 
‘so when immersed in that liquid in contact with a plate of copper 
fof platinum Ordinary commercial zinc. on the contrary, is rapidly 
jredt by diture acid. “This, doubtless, arises from the impurity of the 
Which always contains traces either of iron or lead. Being electro- 
ive towards zinc they tend to produce focad electrical currents, which 
the chemical action without increasing the quantity of electricity 

the connecting mire, 
when amalgamated, acquires the propertics of perfectly pure 
fine and 1s unaltered by dilute acid, so long as it is not in contact 
‘2 copper or platinum plate immersed in the same liquid. To 
mate a zinc plate, it is first immersed in dilute sulphuric or 
jorie acid s0 as to obtain a clean surface, and then a drop of 
ry is placed on the plate and spread over it with a brush. The 














CHAPTER If. 
“DETECTION AND MEASUREMENT OF VOLTAIC CURRENTS, 







3. Detection and measurement of voltaic currents,—The remark- 
nomena of the voltaic battery may be classed under the heads 
ical, chemical, mechanical, and physical effects; and these 
‘may be leo subdivided into the thermal, luminous and magnetic 
_ For ascertaining the existence and measuring the intensity of 
currents, the effects are more suitable than sa of the 

rs, aD racondag fundamental magnetic phenomena will be 
tnd the description of the rest postponed to a special 

ism. 


oases experiment.—Ocrsted published in 1819 a discovery 
‘magnetism and electricity in a most intimate man- 


connected 
d ieee, fo the hands of Ampére and of Faraday, the source 
branch of physics. The fact discovered by Ocrsted is the 
‘action which a fixed current exerts at a distance on a magnetic | 







ce this experiment a copper wire is suspended horizontally in 
jon of the magnetic 





take a posi- 
fr the more nearly at 






Pig, box. 
do the magnetic meridian ie proportion as the current is more 





erence to the direction in which the poles are deflected, there are 
cases which may, however, be referred to a single principle, Re- 
‘oar assumption (722), that in the connecting wire the current 
the negative to the positive plate, the preceding experiment 
four cases 

‘current passes above the needle, and goes from south to north, 
th pole of the magnet is deflected towards the west ; this arrange- 

represented in the above figure. 
‘current passes below the needle, also from south to north, the 

is detlected towards the cost. 
en the current passes above the needle, but from north to south, 

pole is deflected towards the east. 





Tig Ge 


Amptre has given the following memoria dechuice by 
vatious directions of the needle unter the infuence of mene 


may be comprised in this 


turrents on magnets, the north pole ts abeoaye deflected toscans elit 


the current, 


or multipiier—The name 
tiplier or rkeometer, \s given to a very rp 

by which the existence, direction, and intensity of currents my 
determined. It was invented by Schweigger in Germany a shot 
afier Ocrsted’s discovery. nie fags 

In onder to understand its principle, let us suppose 2 n 
suspended by a filament of Ee (lig. 602), and surrounded in the 
of the magnetic meridian by a copper wire, a complete cH 
round the needle in the direction of its \ceathe Wen tis wire is? 
versed by a current, it follows, from what has been said fn the 
paragraph, that in every part of the circuit an observer lying & the 
in the direction of the arrows, and looking at the needle ai, would 
his left always turned towards the same point of the horizon, and & 
sequently, that the action of the current in every part would feed: 
the north pole in the same direction : that is t Say, that the 
the four branches of the concur to : 
direction, By coiling the copper wire in the direction 
represented in the figure, the action of the current: 
If instead of a single one, 
insulated, the action becomes still more multiplied, 
the needle increases. Nevertheless, the action of the 
multiplied indefinitely by increasing the number of windi 
shall presently see, the intensity of a current diminishes 
the circuit is increased, 


za, 








needle is deflected ; affording thusan 
with dynamical electricity, 

The deflection of the needle increases with th 
the relation between the two is, however, 30 ¢ 
be deduced from theoretical cont 


tain the presence and direction of currents, than as a 4 
rheoucter in the ‘strict sense, that is a3 a mensurer ‘ 


same kind and dimensions, carefully. 

vided with suitable binding ao a ep 

through each of them, If the currents 

different directions, no deflection is pi 

flected one of the currents differs from the ethics. 1 

is used to ascertain a difference in intensity of two. 

circumstance owes its name. =. 
756: Sir W, Thomson's marine : 

cables the want was felt of a galvanometer 


=a 
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¥ “oeted by the pitching and 
“omson invented his 
* this instrument 

; coil of many 
os ced throughout, 
a f this coil is a 
wh is represented 
of a piece of fine 
ie s not weigh more 
.ghtly concave mirror 

ae ik is stretched across 
“to it in such a manner 














Fig. 605. 


passes through the centre of gravity in every 

ror and magnet weigh only a few grains, they 
respecting the instrument, however the ship may 

‘e slide fits in a groove in the coil, and the whole 
a wrought iron case with an aperture in front, and 
don the top. The object of this is to counteract 
the terrestrial magnetism when the ship changes its 


the éoil is a large curved steel magnet N, which compen- 
.h'’s directive ‘action upon the magnet D, and in the side of 
4 on a level with D, a pair of magnets are placed with oppo- 
gether. By a screw, suitably adjusted, the poles of the magnets 
aght together; in which case they quite neutralise each other, 
ert no action on the suspended magnet, or they may be slid 
each other in such a manner thatthe action of either pole on 
srates to any desired extent. This small magnet is then 
very delicate adjustment. The large magnet N, and the pair 
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of maagnets ‘C;"are ‘analogous to the /eaarse sea RSai sear 


microscope. 

‘Ata distance of about three feet, there is a scale-with ies 
centre and the graduation extending on each side. Underneath 
point is a narrow slit, througls which passes the — a parafh 
and which traversing the window is reflected 
against the graduated scale. By means of 3 sing 1 
image of the slit is made to fall on the centre of 

This being the case, if any arrangement pale: 
weak be connected with the terminals, the spat of light is 
to one side or the other, according to the din direction of the 
stronger the current the greater the deflection of the opt 2 
current remains of constant strength for any length off time, th 
stationary in a corresponding position, 

The movement on a screen of a spot of light reflected from 
the most delicate and convenient means of observing motions 
themselves are too small for direct measurementor observation, Ht 
principle is frequently applied in experimental investigation and: 
illustration, It is used in observing the motion of aed 
in measuring the variations of magoetisia, in determining thee 
of solids, &e. de. 

It will be seen from the article on the Electric ‘Telegraph, h 
nate deflections of the spot of light may be utilised in forming ¢ 
signals. 

"757. Tangent compass, or tangent galvanometer,— When 3} 









Fig: tos, 


needie is suspended in the centre of a voltaic current in the plat 
magnetic meridian, it can be proved that the intensity of a 4 


ES, = 






ont 
1 |to the tangent of the angle of deflection, provided the 
ons of the needle are sufficiently small as compared with the 
of the circuit. An instrument based on this Benne is called 
z "OF faxgent compass. It consists of a copper 
1 ‘in diameter, a rn an inch in breadth, mounted 
ly om a stand; the lower half of the ring is generally fitted in a 
frame of wood to keep it steady. In the centre of the rity 
da delicate magnetic needle whose length must not exceed 
‘of the diameter of the Circle, Underneath the needle there is a 
elrcle. The ends of the ring are prolonged in copper wires, 
h cups, ad, by which it can be connected with a battery 
it. The circle is placed in the plane of the magnetic meridian, 
¢ deflection of the needle is directly read off on the circle, and ite 

ding value obtained from a table of tangents. 
unt of its small resistance, the tangent compass is well adapted 
ents of low tension, but in which 2 considerable quantity of elece 
ty is set in motion. For currents which can overcome great resist- 
but have only a stall quantity of electricity, the multiplier is best 






8 prove that the intensities of various currents are proportional to 
ents of the corresponding angles of deflection, let NS represent 
eof the galvanometer and us the needle, and 
be the angle of deflection produced when a 
C is passed. Two forces now act upon the a 
«lé—the force of the earth’s magnetism, which we ist 
UW denote by T, which tends to place the needle in INAS 
‘magnetic meridian, and the force of the current C 
tich strives to place it ar right angles to the mag- 
fic meridian. Let the magnitudes of these forces 
“represented by the corresponding lines aw and én, 
baw the whole Intensities of these forces do not act 
@s to turn the point of the needle round, but only 
Bee components which are at right angles to the 
Geile. Resoh them we have wg and #f as the 
site directions on the needle ; 8 
is at rest these forces must Be ig a, 










[Phe angle nag is equal to the angle ¢, and therefore ng= an sin o; and 
ke manner theangle bu/is equal to 9 and n/=dn cos»; and there: 


since nf=mg,én cos p=an sin g, or Gu=an *2-= an an ¢, that is, 











C05 


=F tan 9. 
{any other current be passed through the galvanometer we shall have 
Milarly C’=T tan 9/j and since the earth's magnetism docs not alter 
me and the same place C :C’=tan o : tan ¢’. 

‘this reasoning it has been assumed that the action of the current on 
is the ‘same whatever be the angle in which it is deflect 
















Ohm's Law. 


pieee, G, fixed to the foot O, turns it by means of aknod, A. ‘The 
Geflection, and hence its sine, being 

Serene phe current may be 
Hediaced ; Jet wm! be the direction of 
bratic meridian, d the angle of deflec- 
& intensity of the current, and T the 

action of the earth, If the direction 

density of this latter force be represented 
it may be replaced by two components, 
Kd ac, fig. 609. Now, as the first has no 
five action on the needle, the component 
ist alone counterpoise the force I, that is, 
& But in the triangle, act, ar ~ ad, cos, 
form which ae=T sin. ¢, for the angle 
fthe complement of the angle d, and wh 
talto T; hence, lastly, I= 'T sin. a, which 
jo be proved. In likemannner for any other current I which pi 
lection a’, we shall have I= "T sin a, whence 1; I’ =sin 2 sin a’, 
} Onm’s taw.—For a knowledge of the conditions which regulate 
‘etion of the voltaic current, science is indebred to the late Professor 
| His results were at first deduced from theoretical considerations; but 
lscown researches, as woll as by those of Fechner, Pouillet, Daniell, 
a Rive, Wheatstone, and others, they have received the fullest con- 
(sion, and their great theoretical and practical importance has been 
established. 







Fup. fog. 


The force or cause by which electricity is set in motion in the voltaic 
it i called the electromotive force. The quantity of clectricity which 
fy unit of time flows througit a section of the circuit is called the ie- 
Wy of the current. Ohm found that this intensity is the same in all 
fof one and the same circuit, however heterogeneous they were; and 
that it is proportional to the electromotive force. 

‘has further been found that when the same current Is passed respec- 
F through a short and throu long wire of the same material, its 
8 on the magnetic needie is less in the Latter case than in the former, 
(aceerdingly supposed that in the latter case there was a greater re- 
fee to the passage of the current than in the former ; and he proved 
fake resistance is inversely proportional ia the intensity of the 


A these principles Ohm founded the celebrated law which bears his 
5 tha— 

le tutemsity of the current és equal to the electromotive force dévidet 
le resistance, 

bich is expressed by the simple formula 


1aE, 
RK 
© I is the intensity of the current, E the electromotive force, and R 


ce 


and its /engon. “The resistance it b 
conductivity, that is, the less the condi 
ance. This has been experimentally sho 
Ae di ecitalc & Dab tra eee 
a conductor. If then « is the conductivity, w 
of a conductor, we have 


that is, the intensity of a 
the conductor and directl, 
iii, Tn a voltaic battery 
of the current is equal to 
elements divided bre s 


In an ordinary clement wee 
sidered : t, ‘That offered by the nguia conductor between the two pst 
which is frequently called the internal or essential resistance ; and, % 
‘That offered by the interpolar conductor which connects the two p 
outside the liquid ; this conductor may consist either wholly of metal, 
may be partly of metal and partly of liquids to be decomposed : it is the 
external or non-essential resistance. Calling the former R and the latter f 
Ohm's formula becomes 
1. E, 
R+? 
iv, If any number, 2, of similar elements are joined together, there 
x times the electromotive force, but at the same time times the intr 


resistance, and the formula becomes a ae > Wf the resistance in 1 


imerpolar, ¥, is very small, which is the case, for instance, when It it 
short thick copper wire, it may be neglected in comparison with the i 
ternal resistance, and then we have 


that is, a battery consisting of several elements produces in this case mt 
greater effect than a single element. 

y. H,however, the external resistance is very great, as when the 
has to produce the electric light, or to work a telegraphic circuit, th 
advantage is gained by using a larger number of elements ; for then it 
the formula 
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“il vis s0 great as.compared with #R, the latter may be neglected, and the 
‘expression becomes 


1= 48, 

r 
that is, that the intensity within certain limits is proportional to the 
‘Aurnber of elements. 
Th a thermo-electric pile, which consists of very short metallic con~ 
” ductors, the internal resistance R is so small that it may be neglected, 
and the intensity is inversely as the length of the connecting wire. 

vi. Ef the plates of an clement be made a times as large, there is no 
increase in the electromotive force, far this depends on the nature of the 
‘metals and of the liquid, but the resistance is m times as small, for the 
Section is m times larger ; the expression becomes then 
oe aE 
Rer Rermr 
” 










"Hence, an increase in the size of the plate, or, what is the same thing, 

) A decrease in the internal resistance, does not increase the intensity to an 

© indefinite extent ; for ultimately the resistance of the element R vanishes 
in comparison with the resistance r, and the intensity always approximates 


Vio the value 1 = &, 


vit. Ohms law enables us to arrange a battery so as to obtain the 
) greatest effect in any given case, For instance, with a battery of six 
Slements there arc the following four ways of arranging them: t. In a 
Single series (fig. 610), in which the zinc Z of one element is united with 
the copper € af the second ; the zinc of this with the copper of the third, 
= land s0.0n; 2. Arranged in a system of three double elements, each 





“Slement being formed by joining two of the former (Hg. 611); 4 In a 
System of two clements, each of which consists of three of the original 
“Slements joined, so as to form one of triple the surface (fig. 612) 5 4. 
Lastly, of one large element, all the zines and all the copy per being joined, 

TFS as to forma larger pair of six times the surface (fig. 
With & series of twelve elements there may be six different combina- 

‘Bions, and so on for a larger number. 

WNow let us suppose that in the particular case of a battery of six 
Elements the internal resistance K of cach clement is 3, and the external 
Pesistance r=t2, Then in the first case where there are six elements 


have the value, 









CE _ GE _6r 


Ter Sage ia 30. 


_ TE they were united to a8 to form three elements, eich of double the sur- 
NG, as the second case (fig. 611), the electromotive force then would be, 
i ‘ekectromotive force in cach clement; there would also be a resistance 
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R in each element, but this would only be half as great, for the sretia 
the plate is now double ; hence the intensity in this case would be 
3E__ gE 6 
38er Sera 8 
2 2 
hence this change would lessen the intensity. 





Fig fs. 


If with the same clements the resistance in the connecting wit” 
only r= 2, we should have the values im the two cases respectively 


10, S£E Sage 

6x3+2 20" 
and 1'=-38 . SEO ISE 

Ry, ote 3 
The result in the latter case is, therefore, more favourable ded 
ance + were 9, the intensity would be the samein both eases Newt 
altering the size of the plates or the arrangement, fayouratte of! 
able results are obtained according to the relation between Ral 
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can be shown that dw any given combination the maxtmune effect ix 
ined when the total resistance in the elements is equal to the resistance 
\e interpolar. Suppose that in a given case # elements are arranged 
& to form a battery of z couples, cach consisting of f cells, thon # «at, 
toting the resistance of a single element by 7, the total resistance of 


Qattery thus arranged is 5: Now, according to the above law, the 
imum effect is obtained when "*-/, where 2 is the resistance of the 


» re 
‘polar. But f=", hence “=7, or s=_/™. 


Cm a given case we have 8 clements, cach offering a resistance 15, 
an interpolar with the resistance 4o, we get s=4'3. But this is 
impossible arrangement, for it is not a whole number, and the 
fest whole number must be taken. This is 4, and it will bo found on 
ting a calculation analogous to that above, that when arranged 
ito form 4 elements, each of double surface, the greatest effect is 


CHAPTER IIL. 
EBFECTS OF THE CURRENT. 


fo, Physiological actions.—Under this name are included the 
bs produced by the battery.current on living organisms or tissues. 
Phen the electrodes of a strong battery are held in the two hands « 
ent shock is felt, especially if the hands are moistened with acidulated 
tt, which increases the conductivity. The violence of the shock 
bunnes greater in proportion to the number of elements used, and with 
ger number—as 200 Hunsen's cells—is even dangerous. 

he power of contractiig upon the application of a voltaic current 
hs to be & very general property of protoplasm—the physical basis of 
tanimal and vegetable life; if, for example, a current of moderate 
fgth be passed through such a simple form of protoplasm as an 
feba, it immediately withdraws its processes, ceases its changes of 
4, and contracts into a rounded ball—sooa, however, resuming its 
Wity upon the cessation of the current. Essentially similar effects of the 
‘ent have been observed in the protoplasm of young vegetable cells. 
fs frog's fresh muscle (which will retain its vitality for a considerable 
§ after removal from the body of the animal) be introduced into a 
fanic cireuit, no apparent effect will be observed during the steady 
Jaye of the current, but every opening or closure of the cireuit will 
tes muscular contraction, as will also any sudden and considerable 
Fation in its intensity. By very rapidly interrupting the current, the 
(ele can be thrown into state of uninterrupted contraction, or physio» 
Fal fefauns, each new contraction occurring before the previous one 
Passed off, Other things being equal, the amount of shortening 





clay be taken into account in the scientific 
rposes; if, for instance, it ix 
sono ie sensory nerves of any part of the body, the 
Lene ‘be passed in such a direction as to throw the nerves of that 
tO a state of anelectrotonus—and similarly in other cases. 
Fa powerful electric current be passed through the body of a recently’ 
ek violent movements are produced, as the muscles ordinarily. 
their vitality for a considerable time after general systemic death : 
means, also, life has been re-established In animals which were 
ntly dead—a properly applied current stimulating the respiratory 
to contract, 
‘Thermal efeots.—When a voltaic current is passed through a 
wire the same effects are produced as hy the discharge of an 
battery; the wire becomes heated, and even incandescent if. it 


Pig. Ore. 


short and thin. With a powerful battery all metals are melted, 
wm and platinum, the lenst fusible of metals. Carbon is the 
body which hitherto has not been fused by it, M. Despretz, how- 
with a battery composed of Goo Bunsen's elements Joined in six 
wy raised rods of very pure carbon to such a temperature 
were softened and could be welded together, indicating an 


relape ‘of 30 to 4o Bunsen's elements is sufficient to melt and vola~ 

s fine wires oF lead, tin, zinc, copper, gold, silver, iron, and even pla- 

with differently coloured sparks, Iron and platinum burn with a 

‘white light ; lead with a purple light ; the light of tinand of gold 

ch white; the light of zinc is a mixture of white and gold; finally, 
‘and silver give a green light. 

thermal effects of the voltaic current are used for firing mines for 

‘purposes and for blasting operations. ‘The following arrangement 

ed by Colonel Schaw, is adopted in the English service, Fig. 614 
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763 Mews of heating effects. Galvanc-thermometer.—Although 
the thermal effects are most obvious in the case of thin wires, they are 
not limited to them ; with thicker wires they may be perceived by means 
of delicate thermometric arrangements, by which also the laws of the 
heating effect may be investigated. 

Such an arrangement is called a gafvano-thermometer. It consists 
essentially of a glass vessel containing alcohol, in which is a delicate 
thermometer ; the wire to be investigated is fitted to two platinum wires 
fased in the well-ground stopper of the vesscl. The current is passed 
through the platinum wires, and its intensity measured by means of a 
tangent compass interposed in the circuit. By observing the increase of 
temperature in the thermometer in a given time, and knowing the weight 
of the alcohol, the mass of the wire, the specific heat, and the calorimetric 
values ($19) of the vessel, and of the thermometer, compared with al- 
cohol, the thermal effect which is produced by the current in a given 
time can be calculated. 

By apparatus of this kind the laws of the thermal effects have been 
investigated by Lenz, Joule, and Becquerel. They are as follows : 

1. The heat disengaged in a given time is directly proportional to 
the square of the intensity of the current, and to the resistance of the wire. 

Il. Whatever be the length of the wire, provided its diameter remains 
the same, and that the same quantity of electricity passes, the increase 
of temperature is the same in all parts of the wi 

LIL. For the same quantity of electricity, the increase of temperature 
in different parts of the wire is inversely as the fourth power of the dia- 
meter. 

If the current passes through a chain of platinum and silver wire of 
equal sizes, the platinum becomes more heated than the silver from its 
greater resistance; and with a suitable current the platinum may become 
incandescent while the silver remains dark. This experiment was de- 
vised by Children. If a long thin platinum wire be raised to dull redness 
by passing a voltaic current through it, and if part of it be cooled down 
by ice, the resistance of the cooled part is diminished, the intensity of the 
current increases, and the rest of the wire becomes brighter than 
before. 

If, on the contrary, a part of the fecbly incandescent wire be heated by 
a spirit-lamp, the resistance of the heated part increases, for the effect 
is the same as that of introducing fresh resistance, the intensity of the 
current diminishes, and the wire ceases to be incandescent in the non- 
heated part. 

The cooling by the surrounding medium exercises an important in- 
fluence on the phenomenon of ignition. A round wire is more heated by 
the same current than the same wire which has been beaten out flat; for 
the latter with the same section offers a greater surface to the cooling 
medium than the others. For the same reason, when a wire is stretched 
in a glass tube on which two brass caps are fitted air-tight, and the wire 
is raised to dull incandescence by the passage of a current, the incan- 
descence is more vivid when the air has been pumped out of the tube, 

cos 
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can be raised and lowered by means of a rack and pinion 
‘The two charcoals being placed in contact, the current passes, 
‘ends soon become incandescent. If they are then removed toa 
about the tenth of an inch, according to the intensity of the 
luminous arc extends between the two points, which has an 
brilliant lustre, and is called the voltagc arc. 
‘of this arc varies with the force of the current, In air 
2 Inches with a battery of 600 elements, arranged in 


peat faved with no resistance, it springs between ‘ih two. 
are in contact. The voltaic arc can also be 
in igi, ba is then much shorter, and its brilliancy is 


olt ar basibe property that it is attracted when a magnet it: 
to it; a consequence of the action of magnets on currents, 
physicists have considered the voltaic arc as formed of a very 








6 


electrodes can be placed. Charcoal, which is a very: 
one of the bodies which gives the largest luminous 
Recent researches by Edlund have shown that this. 
the terminals by the voltaic arc gives rise to an 
‘opposed in direction to th~* ~*~ current. 
Davy first made the 
of a battery of 2,co0 
points made of light woou — 
and immersed in a mercy 
pores of the charcoal, incre 
was introduced into the ve 
incandescent ; platinum » 
sapphire, magnesia, lime, fractory substances were fuel 
Fragments of diamond, of cna: of graphite rapidly disappet 
without undergoing any previous musion. 


‘As charcoal rapidly burns in air, it was necessary to operate in vac 
and hence the experiment was for a long time made by fitting the tvs 
points in an electric egg, like that represented in fig. 576. At present be 
electrodes are made of gas graphite, a modification of charcoal deposted 


in gas retorts; this is hard and compact, and only burns slowiy in. air= 
hence it is unnecessary to operate in vacuo. When the experiment is 
made in vacuo, there is no combustion, but the charcoal wears away 
the positive pole, while it is somewhat increased on the negative po 

1 
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* indicating that there is a transport of solid matter from the positive to the 








—This consists in projecting on a screen 
the image of the charcoal points produced in the camera obscura at the 
moment at which the electric light is formed (fig. 616). By means of this 
aaperiment, which is made by the photo-electric microscope already 
described. (fig. 455), the two charcoals can be readily distinguished, and 
the positive charcoal is seen to become somewhat hollow and diminish, 
while the other increases, The globules represented on the two charcoals 
aise from the fusion of a small quantity of silica contained in the 
charcoal. When the current begins to pass, the negative charcoal first 
becomes luminous, but the light of the positive charcoal is the brightest ; 
4s it also wears away the most rapidly, it ought to be rather the larger. 

767. Regulator of the electric light.—Whcn the elcctric light is to 
be used for illumination, it must be as continuous as other modes of 
lighting. For this purpose, not only must the current be constant, but 
the distance of the charcoals must not alter, which necessitates the use 
of some arrangement for bringing them nearer together in proportion as 
hey wear away. One of the best modes of effecting this is by an ap- 
varatus invented by M. Duboscq. 

In this regulator the two charcoals are moveable, but with unequal 
relocities, which are virtually proportional to their waste. The motion is 
xansmitted by a drum placed on the axis, zy (fig. 617). This turns in 
he direction of the arrows two wheels, a and 0, the diameters of which 
areas 1:2, and which respectively transmit their motion to two rack- 
works, C’ and C. C lowers the positive charcoal, 6, by means of a rod 
sliding in the tube, H, while the other C’ raises the negative charcoal, x, 
half as rapidly. By means of the milled head y the drum can be wound 
up, and at the same time the positive charcoal moved by the hand ; the 
nilled head x moves the negative charcoal also by the hand, and 
independently of the first. For this purpose the axis, 2y, consists of two 
parts pressing against each other with some force, so that, holding the 
milled head x between the fingers, the other, y, may be moved, and by 
holding the latter the former can be moved. But the friction is sufficient 
when the drum works to move the two wheels @ and 4 and the two rack- 
works, 

‘The two charcoals being placed in contact, the current of a powerful 
battery of 40 to so elements reaches the apparatus by means of the wircs, 
Eand E’. The current rising in H descends by the positive charcoal, 
then by the negative charcoal, and reaches the apparatus, but without 
passing into the rackwork, C, or into the part on the right of the plate, 
N; these pieces being insulated by ivory discs placed at their lower part. 
The current ultimately reaches the bobbin B, which forms the foot of the 
regulator, and passes into the wire, E’, Inside the bobbin is a bar of 
soft iron, which is magnetised as long as the current passes in the bobbin, 
and demagnetised when it does not pass, and this temporary magnet is 
the regulator. For this purpose it acts attractively on an armature of 
soft iron, A, open in the centre so as to allow the rackwork C’ to pass, 
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Ge Gems, cad che rackwork being fixed, the same is the case with 
cmbens, This is what takes place so long as the magnetisation la, 
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cee eeetempeeeegt: to keep down the armature, A; but in propo 
etwas mene away, the current becomes feebler, though the ve 

Sfoeeme that ultimately the attraction of the magnet na 4c 
Se wee which continually tends to raise the arma 
eee He ress F disengages the stop #, the drum works, 
Seem eee Mere they do not, however, touch, because 


—_— 


pe fi 
the upper hand, the armature A is, 
‘As their distance only varies 


cons 


Browntng’s regulator. —— 
3h simpler apparatus, repre 
‘in fig. 619, has been devised 
John Browning, It has the 
(dvantage of being less costly 
he other lamps, and also of 


ing @ smalicr number of cle- 

to work it. The current 

the lamp by a wire attached 
inding screw an the base of 
‘trument, passing up the pillar 
{small electromagnet to the 

pillar along the top of the 
otal bar, down the left-hind 
rough the two carbons, and 

by a wire attached to a 
(screw on the left hand. A tube holding the upper carbon slides 
upand down a tube at the end of the cross-piece, and would by 
a weight rest on the Jower carbon, but the electromagnet is prov 
‘withi a keeper, to which is attached a rest that encircles the 
{tube and grasps it. When the electromagnet works and attracts 
seper, the rest tightens and thercby prevents the descent of the 
i When the keeper is not attracted the rest loosens, and the 
i holder descends, 
fn the two carbons are at rest, on making contact with a battery 
Frent traverses both carbons and no light is produced. Bur if the 
tarbon be raised ever so little, a brilliant light is emitted. When 
imp is thus once set to work, the rod attached to the upper carbon 
fe et go, and the magnet will afterwards keep the lamp at work. 
hen some of the carbon is consumed, and the interval between the 
‘to great for the current to pass, the magnet loses some of its power, 
‘eper loosens its hold on the carbon, and this descends by its own 
t. When they are sufficiently near, but before they are in contact, 
rent is re-established ; the magnet again draws on the keeper, and 
eper again checks the descent of the carbon, and so forth, Thus 


Me 
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Way has obtained a very bright light by passing the electric 
bese seta of ery ‘The light is produced by the incan- 
ice of the mercury vapour; it has a somewhat flickering character, 
|a greenish tinge. 

“Attempts have been made to. apply the electric light to the illumination 
rooms, and even of streets; but partly the cost, and partly the difficulty 
‘producing with it a uniform illumination, inasmuch as the shadows are 
"a Into too sharp relief, have hitherto been great obstacles to its use. 
It is advantageously applied in special cases, such as the photo-electric 

1pe, iluminations in theatres, etc. 
270. Mechapical effocts of the battery.—Under this head may be 
the motion of solids and liquids effected by the current. An 
le of the former is found in the voltaic arc, in which there is a 
fassage of the molecules of carbon from the positive to the negative pole 


lpia @ slightly inclined glass tube,a thread of liquid be contained 
two platinum wires fused in the glass, and if a current of elec~ 
be passed through the liquid by means of these electrodes, then, if 
positive electricity moves upwards, the liquid will be carried along 
it—it will become somewhat raised. The ascent is proportional'to 
intensity of the current and to tho section of the tube, The pheno- 
jenonis met with in alcohol and in turpentine, but in a contrary direction; 
be liquid rising in the direction of the negative electricity. 
|A similar phenomenon, known as </ecirical endosmose, is observed in 
be following experiment, due to Porret. Having divided a glass vessel 
{to two ‘compartments by a porous diaphragm consisting of bladder, he 
bured water into the two compartments to the same height, and im 
lersed two electrodes of platinum in connection with a battery of 80 
lements, As tho water became decomposed, part of the liquid was 
brried in the direction of the current, through the diaphragm, from the 
psitive to the negative compartinent, where the level rase above that in 
(e other compartment. A solution of blue vitriol is best for these 
(periments, because then the disturbing influence of the disengagement 
gas at the negative electrode is avoided. 
‘converse of these phenomena is observed when a liquid is forced 
fies @ diaphragm by mechanical means; electrical currents are 
if on both sides the diaphragm, metal electrodes of the same 
(Merial ore immersed in the liquid in conducting communication with 
eh other, Such currents, which were discovered by Quincke, are 
Wed alaphraym currents, 
\Accerding to Wertheim, the elasticity of metallic wires is diminished 
(ithe current, and not by the heat alone, but by the electricity; he 
8 also found that the cohesion is diminished by the passage of a 


ae the mechanical effects of the current may be assigned the sounds 
in soft iron when submitted to the magnetic action of a discon- 
(uous current—s phenomenon which will be subsequently described, 





mination the former gas is found two be hyd 
oxygen. ‘This experiment accordingly gives at 
quantitative analysis of water. The Fao E 
peculiar and penetrating odour observed : 
worked (729), and which is due to atone, The 


same time some peraxide af hydrogen, in p 
is consumed. Moreover ‘is som 


anode, and the negative electrode the kuthede ‘The 
position are sones ; Latione, that which appears of 
that which appears at the anode, 

By means of the battery, the compound nature: 
which bad previously been considered as eles 
By means of a battery of 250 couples, Davy, sho 
of the decomposition of water, succeeded fn 
potass and soda, and proved that they were 


ee 








z ‘metals potassium and sodium. The decomposition of potas 
be demonstrated with the aid of the battery of 4 to 6 clements im 
following manner; a small cavity is made in a piece of solid 
potass, which is moistened, and a drop of mercury placed im 
621). The potass is placed on a piece of platinurn connected with the 
pole of the battery. The mercury is then touched with the 
pole. When the current passes, the potass is decomposed, 
is liberated at the positive pole, while the potassium liberated 
negative pole amalgamates with the mercury, On distilling this 
‘out of contact with air, the mercury passes off, leaving the 








ion of binary compounds that is, bodies containing 
quite analogous to that of water and of potas; ane of 





Fig, bon 


elements goes to the positive, and the other to the negative pole. 
bodies separated at the positive pole are called electronegative ele~ 
because at the moment of separation they are considered to be 
with negative electricity, while those separated at the negative 
fare called elvefropouitive elements. One and the same body may be 
stroncgative or eléctropositive, according to the body with which it 1s 
ated. For instance, sulphur is electronegative towards hydrogen, 
ix electropositive towards oxygen. The various elements may be 
in such a series that any one in combination is electronegativ 
following, but clectropositive towards all preceding ones. This is 
fes, and begins with oxygen as the most 
jegative clement, terminating with potassium as the most electro- 





ive. 
“Whe decomposition of hydrochloric acid into its constituents, chlorid 
hydrogen, niay be shown by means of the apparatus represented in 





finum, which is attacked by the Nberated chlorine; a quantity of ealt 
must be added to the hydrochloric acid, in order ta diminish the 
yy ef the liberated chlorine. The decomposition of iodide of po- 

im may be demonstrated by means of a single element. For this 


A piece of bibulous paper is soaked with a solution of starch, to 
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: 
| Sica preheaeey ‘by the current—In chemical decom- 
‘effected by the battery there is not merely a separation of the 
ents, but a passage of the one to the positive and of the other to the 
(ve electrode. This phenomenon has been demonstrated by Davy 
beans of several experiments, of which the-two following arc ex- 
= 


He placed solution of sulphate of sodium in two capsules connected 
“thread of asbestos moistened with the same solution, and immersed 
positive electrode in one of the capsules, and the negative electrode 
eother, The salt was decomposed, and at the expiration of some 
Jall the sulphuric acid was found in the first capsule, and the soda in 
(econd, 


Having taken three glasses, A, B, and C (fig. 625), he poured into the 
solution of sulphate of sodium, into the second dilute syrup of 
{Gand into the third pure water, and connected them hy moistened 
tds of asbestos. ‘The current was then passed in the direction from 
‘A. The sulphate in the vessel A was decomposed, and in the course 
hae there was nothing but soda in this glass, which formed the nega- 
end, while all the acid had been transported to the glass C, which 
positive. If on the contrary, the currents passed from A to C, the 
jas found in C, while all the acid remained in A ; but in both cases 
‘emarkable phenomenon 
seen that the syrup of 
fs in B neither became 
hor green by the passage 

te acid or base through 
jass, a phenomenon the // 
imation of which is based /~ 
the hypothesis enun- 
din the following para 

s 





Fig. Gay, 


|g, Grotthiiss’s hypothosis-—Grotthiiss has given the following ex- 
ition of the chemical decompositions effected by the battery. 
ping the hypothesis that in every binary compound, or body which 
‘ae auch, ene of the clements is electropositive, and the other electro- 
ltive, he assumes that, under the influence of the contrary electricities 
Weclectrodes, there is effected inthe liquid in which they are im 
(eda series of successive decompositions and recompositions fram 
pole tothe ether, Hence 
‘only the elements of the 
nal molecules which do 
fecombine, and remain- 
ee appear at the elec- { > 
te. Water, for instance, Fig Ge 

Feed of one atom of axygen and two atoms of hydrogen, the first 
teing electronegative, and the sccond electropositive, Hence when 
(quid is traversed by a sufficiently powerful current, the molecule @ 
tact with the positive pole arranges itself as shown in fig, 624, that 
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in a given time it proportional to the intensity of the current. Om 
ix founded the use of Faraday’s voltameter, in which the intensity of 
‘is ascertained from the quantity of water which it decomposes 
sgiven time. . 11 consists of a glass. vessel, in which two platinum 
are fixed. In the neck of a vessel a bent delivery tube is 
ited, and the mixed gases are collected in a graduated cylinder, so that 
ir Yolume can be determined, which, reduced to a constant tempera- 
‘and is a measure of their quantity. 
‘The use of this voltameter appears simple and convenient ; and hence 
Physicists have proposed as smit of the intensity of the current, 
butensity which in one minute yields a cubic centimeter of mixed 
reduced to the temperature of and the pressure 760 mm, Xct, for 
mentioned before (771), the measurements should be based an 
volume of hydrogen liberated. 
The silver voltameter is an instrument for measuring the intensity of 
current. A solution of nitrate of silver of known strength is placed 
& platinum dish which is connected with the negative pole; in this 
fs placed the positive pole, which consists of a rod of silver 
round with muslin. The silver which separates at the 
tive pole is washed, dried, and weighed; and the weight thus 
iced in a iven time is a measure for the intensity of the current. 
silver particles which become detached from the positive pole ane 
ised in the muslin, 
The current from the clectrical machine,which is of very high Intensity, 
ee of traversing any electrolyte, but the quantity which it can 
| ead extremely small as compared even with the sinallest voltaic 


Pon mach tus and it must be concluded that the quantity developed by the 


‘machine is very small as compared with that developed by 


jt has teen calculated by Weber, that if the quantity of positive elec- 
to decompose a grain of water were accumulated on a 
at a distance of 3,000 feet from the carth’s surface, it would exert 

{1 attractive force upon the earth of upwards of 1,500 tons, 
\727- Comparixon between the Tangent Compass and the Volta- 
teter— ‘There are several objections to the use of the voltameter, In 
ie first place, it docs not indicate the intensity at any given moment, for 
(order to obtain measurable quantities of gas the current must be 
bntinued for some time, Again, the voltameter gives no indications of 
le ebanges which take place in this time, but only the mean intensity, 
Joffers also great resistance, and can thus only be used in the case,of 
rong currents; for such currents either do not decompose water, oF 
Diy yield q too small for accurate measurement, In addition 
(this, the indications of the voltameter depend not only on the intensity 
[the current, but on the acidity of the water, and on the distance and 

pe of the electrodes, 

‘The magnetic measurements are preferable to the chemical ones, Not 
fly are they more delicate and offer less resistance, but they give the 
(tensity at any moment. On the other hand, indications furnished by 








enstant . The effect of this is to produce two 
nt clectromotors, which produce a current opposed in direction to 
inal one, and which, therefore, must weaken it, As the two 
es thus become the poles of a ese secant tea said to be 
(ered, and the curtent is called a salion-curren 
Hovis taciplo Eacearos may be coceracied of plows of morale 
| ered instance, platinum—which otherwise give no current, A 
of moistened cloth is interposed between each pair, and each end 
ee is connected with the poles of a battery, After some time 
“Spparatus hag received a charge, and if separated from the battery 
(itself produce ail the effects of a voltaic battery. Such batteries are 
secondary batteries. ‘Their action depends on an alteration of the 
of the metal produced by the electric current; the constituents of 
liquid with which the cloth is moistened having become accumulated: 
the opposite plates of the circuit, . 
ie pile which has become inactive may be used as a secondary 
When a current ix passed. through it, in a direction contrary to 
‘the active battery yields, it then regains its activity. 
lass belongs Planté’s secondary battery, which consists cf 
tric cylinders of sheet lead, which do not touch, and are 
‘in dilute acid. They are charged by being placed in contact 
ba battery of two or three cells, and there is an arrangement by which 
‘can be detached from the battery and their current utilised. ‘They 
‘@ certain sense to store up and transform the power of the 
ary battery, and produce effects of great intensity. 
‘Grove's gas battery.—On the property, which metale have, of 
‘gases on their surfaces, Grove has constructed his gas baflery, 
simplest form it consists of two glass tubes, in each of which is 
da electrode, provided on the outside with binding screws. 
are made more efficient by being covered with finely 
platinum. One of the tubes ix partially filled with hydrogen, 
other partially with oxygen, and they are inverted over dilate 
thuric acid, so that half the platinum is in the liquid and half in gas. 
‘connecting the clectrodes with a galvanometer, the existence of a 
bad indicated, whose direction in the connecting wire is from the 
ny peter to that in hydrogen; so that the latter is negative 


in oxy; 
‘the former. As the current passes through water this is decom- 
fi; oxygen Is separated ar the positive plate, and hydrogen ar the 
(These gases unite with the gases condensed on their surface, so 
‘volume of gas in the tubes graduall f diminishes, but in the ratio 


Othe 

the volume of oxygen to two volumes of hydrogen, These elements 

“be formed into @ battery by joining the dissimilar plates with one 

ther just as they are joined in an ordinary battery. One element of 
Cais 


— = 


. 











a silver plate, and the silver is touched in the middle 
piece of zinc, there are formed around the point of 
copper rings alternately dark and light. These are Vo 
They may be obtained in beautiful iridescent colot 
process: A solution of oxide of lead in potash is + 
finely powdered litharge in a solution of potash. In 
mersed a polished plate of silver or of German silver 
with the positive electrode of a battery of eight Buns: 
the negative pole is connected a fine platinum wire fu 
only its point projects; and this is placed in the liqui 
from the plate. Around this point binoxide of lead 
plate in very thin concentric layers, the thickness of » 
the middle. They show the same series of colours a 
rings in transmitted light. The binoxide of lead « 
secondary decomposition ; by thie passage of the ci 
lead is decomposed into lead, which is deposited at tt 
oxygen which Is liberated at the positive; and this o: 
some oxide of lead to form binoxide, which is depot 
pole as the decomposition proceeds. 

The effects are also well seen if a solution of su 

. placed on a silver plate, which is touched with a zi 
which is in the solution; for then a current is forn 
and the liquid. 

782. Arbor Saturn!, er lead tres. Arber Bi 
solution of a salt, is immersed a metal which is more 
metal of the salt, the latter is’ precipitated by the f 
mersed metal is substituted equivalent for equivalent 





ELECTROMETALLURGY. 


‘The decomposition of salts by the battery 

incceired, & most important application in. edectrometallurey, or 
ics, by which is meant thé art of precipitating metls from 
ns by the slow action of a galvanic current. The art was 
independently by Spencer in England, and by Jacobi in Peters 


‘To reproduce a medal or any other object by this process, « 
‘cast must first be made, on which is deposited the metallic layer, 
reproduces the medal in relief. Jf the medal is of metal, the 
est way to form the cast is to use a fasible alloy (314), which may cone 
S parts of lead, 8 of bismuth, and 5 of tin, Some of the melted 
48 poured into a shallow box, and just as it begins to solidify the 
is ‘horizontally on it in a fixed position, When the alloy has 
cool, a slight shock is sufficient to detach the medal. A copper 
‘then bound round the edge of the mould, by which it can be con- 
‘with the negative electrode of the battery, and then the edge and 
are covered with a thin non-conducting layer of wax, so that the 

osit is only formed on the mould itself, 
‘onfer to take a copper cast, a bath is filled with saturated solution 
phate of copper, and two copper rods, B and D, stretched across 
25)—one connected with the negative and the other with the 








Fig. tas. 


pole of a Grove's, or preferably, from its greater constancy, a 

element. From the rod connected with the negative pole ik 

the mould mm. and from the other a plate of copper, C. 

being thus. closed, the sulphate of copper is decomposed, acid is 

‘at the positive pole, while copper is deposited at the negative 
woes 
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‘only differs from the process described fn the previous paragraph 
the layer is oes pete firmly. Brugnatelli, a 
of Volta, ‘to have been the first, in 1303, to observe that a 
‘could be gilded by means of the battery and an alkaline solution of 
|; but M. de la Rive was the first who really used the battery in 
‘The methods hoth of gilding and silvering owe their present 
state of perfection paciee ty to the improvements of Ellington, 
and other 
pieces to be gilt bare to undergo three processes before gilding, 
first consists in heating them so as to remove the fatty matter 
h has adhered to them in previous processes. 
the objects to hogits are usually of copper, and their surface during 
‘operation of heating becomes covered with a layer of suboxide or of 
ide of copper, this is removed by the second operation. For this 
the objects, while still hor, are immersed in very dilute nitricacid, 
they remain until the is removed. They are then rubbed 
ge a hard brush, washed led water, and dried in gently heated 


| To remove all spots they must undengo the third process, which con- 
in pray immersing them in ordinary nitric acid, and then in & 
nitric acid, bay salt, and soot, 

thus prepared the objects are attached to the negative pole of a 

F consisting of three or four Bunsen's or Daniell’s elements, They 

then immersed in a bath of gold, as previously described. ‘They remain 

nthe bath for a time which depends on the thickness of the desired de~ 
‘There is great difference in the composiiion of the baths. That ~ 

host in use consists of 1 grain of chloride of gold, 10 grains of cyanide of 

dotassium, dissolved in 200 grains of water. Inorderto keep the bath ina 

ftate of concentration, a piece of gold is suspended from the positive 

, which dissolves in proportion as the gold dissolved in the bath 

‘on the objects attached to the negative pole. 

‘The method which has just been described can not only be used for 

ling copper, but also for silver, bronze, brass, German silver, etc, But 

‘metals, such as iron, steel, zinc, tin, and lead, are very difficult to 

well. To obtain a good coating, they must first be covered with a 

of copper by means of the battery and a bath of sulphate of copper; 

‘copper with which they are coated is then gilded, as in the previows 


| 785. Blectrostivering—What has been said about gilding applies 
to the process of electrosilvering, The difference is in the com- 
How of the bath, which consists of two parts of cyanide of silver, and 
of cyanide of potassium dissolved in 250 parts of water, Tothe 
Wve electrode is suspended a plate of silver, which prevents the bath 
becoming poorer : the pieces to be silvered, which must be well 

are attached to the negative pole, 















jo Dynamical Electricity. 
CHAPTER IV. 
RLECERODYNAMICS, ATTRACTION AND REPULSION OF CURRENTS ET 


CURRENTS, 


786, Blectredymamios,— Under eltctrotyna: inderstood the Lim 
of electricity in a state of motion, or the action of electric currents pat 
cach other and upon magnets, while é/ectrosfelics deals with oe aa 
electricity in a state of rest. 

‘The action of one electrical currrent upon another was first investi; 
by Ampbre, shortly after the discovery of Oersted's celebrated fest 
mental experiment (754). Alt the phenomena, even the most 

ated, follow from two simple laws, just as the theorems of geometry from 
the axioms. ‘These laws are— 

1. Fauo currents which are parallel, and in the same direction, attra 
ene anothe 

1. Tove convents paraticl, but én contrary directions, repel ene anetien 

In order to demonstrate these laws, the clrewle which the comet 
traverses must consist of two parts, one fixed and the other moveable 





Pig. bot 


This is effected by the following apparatus (fig 626), which is a moist 
and improved form of one originally devised by Amptre: 
It consists of two brass columns, A and D, betweem whieh is a bet 
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iy provided with a multiplier of 20 turns, MN (fig. 
F increases the sensitiveness of the instrument. This 
adjusted at any height and in any position by means of a universal 
{fee figs. 626, 628-631). 
is hollow, and in its interior glides a brass tube ter- 
in a mercury cup, ¢ which can be raised or lowered. On the 
umn A is another mercury cup represented in section at fig. 627 in its 
pe In the bottom is a capillary aperture through which passes 
‘of « sewing needle fixed to a small copper ball. This point ex- 
‘as far as the mercury, and turns freely in the hole, The mayeable 
(fof the circuit consists of a copper wire proceeding from the small 
llet, and turning in the direction of the arrows from the cup a to the cup 
"he two lower branches are fixed to a thin strip of wood, and the whole 
(tem is balanced by two copper balls sus- 
aded co the ends. 
Phe details being known, the current of a 
insen’s. of 4 or § cells ascending by 
feolumn A (fig. 626) to the cup 2, traverses 
beireuit BC, reaches the cup c, descends 
feentral colurnn, and thence passes by a 
fe, P, to the multiplier MN, from whence Fig 63. 
feturns to the battery by the wire Q. Now if, before the current Laigtvd 
+ moveable circuit has been arranged in the plane of the multiplier, the 
‘es Band M opposite each other, when the current passes the side B 
u J, which demonstrates the second law ; for in the branches 3 
a the ¢ currents, as indicated by the arrows, are proceeding in opposite 


‘ections, 
To demonstrate the first law the experiment is arranged as in figure 628— 
it is, the multiplier is reversed ; the current is then in the same direction 
th in the multiplier and in the moveable part ; and when the latter is 
jnoved out of the plane of the multiplier, so long as the current passes 
tends to return to it, proving that there is attraction between the two 
om 
787. Roget's vibrating spirat.—The attraction of parallel currents 
ty also be shown by an experiment known as that of Aogel's vb 
fral. A copper wire about 07 min. in diameter is coiled in a spiral of 
out 30 coils Of 25 mm. diameter. At one end {t is hung vertically from 
serew, while the other just dips in a mercury cup. On passing 
beerrentefia battery of 3 to 5 Grove’s cells through the spiral by means 
the mercury cup and the binding screw, its coils traversed by parallel 
rents attract one another, rise, and thus the contact with the mercury 
broken. The current having thus ceased, the coils no longer attract 
ch other, they fall by their own weight, contact with the mereury is 
‘established, and the series of phenomena are indefinitely produced, 
ye experiment is still more striking if a magnetised rod the thickness of 
pencil is introduced into the interior. This will be intelligible if we 
‘asider the action between the parallel Ampirian currents of the 
agnet and of the helix, 





704. Dynamical Electricity, f 


788, Laws of angular currents.—I, Two rectilivenr enrrviti 
directions of whick form an angle with eack other, attract one a 
when bath approach or recede from the aper of the angle. 





Il. They repel one another if one approaches and the other reed) 
the apex of the angle. 

‘These two laws may be demonstrated by means of the apparatus a 
described, replacing the moveable circuit by the circuit BC (fig. 69 





then the multiplier is placed horizontally, so that its current is i the 
direction as in the moveable current, if the latter is removed and the 
rent passes so that the direction is the same as in the moveable pa! 
removing the latter it quickly approaches the multiplier, which verite 
first law. 

To prove the second law, the multiplier is turned so that the cur 
are in opposite directions, and then repulsion ensues (fig. 630). 
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a reetilinenr current cack element of the current repels the succeeding 
ta ds stself repelled. 

is is an important consequence of Amptre's law, and may be experi~ 


| Laws of Currents, 





Fig G9 


ally demonstrated by the following arrangement, which was devised 
iraday, A U-shaped picce of copper wire, whose ends dip in two 

‘te deep mercury cups, is suspended from one end of a delicate 

be and suitably equipoised. When the mercury cups are connected 

the two poles of a battery, the wire rises very appreciably, and sinks 

to its original position when the current ceases to pass. The current . 
S into the mercury and into the wire; but from the construction of 
Dparatus the former is fixed, while the latter is moveable, and is ac- 
pgly repelled. 


¢ Mawe of stauous currente,—Zie action of a stunous current é 





Fig. 6 


‘fo that of a rectilinear csurrent of the same length in projection, This 
iple is demonstrated by arranging the multiplier vertically and placiag 
cin) 









Direction of Currents by Currents, 


pfopen the fixed current, it bs acted on sa as te move paraliel to the 
and im the same direction. 

It follows from this, that if a vertical current is moveable about an 
‘axis, XY, parullel to its direction (figs. 634 and 635), any horizontal 
carrent, PQ, will have the effect of turning the moveable current about 








x 
1. bend 


i 
, | | | 
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ts axis, wntil the Plane of the axis and of the current have become parallel 
wo PQ; the vertical current stopping, in reference to ts axis, om the side 
Grane which the current PQ comes (fig. 634). or on the side towards whieh 
ef &s directed (fig. 635), according as the vertical current descends or ascends 
‘that is, according as it approaches or moves from the horizontal axis, 


= 











Vig. 67. fay, 





Te also follows from this principle that a system of two vertical cur- 
femts rotating about a vertical axis (figs. 636 and 637) is directed by a 
Aorizontal current, PQ, in a plane parallel to this current, when one of the 
fertical currents is ascending and the other descending (fig. 636), but 
bat if they are both asccoding or both descending (fig. 637), they are not 
Hrected. 

791. Action of an infinite rectilinear ourrent on a rectangular 
be elreular ourrent.— |t is easy to see that a horizontal infinite eurrent 
fwercises the same directive action on a rectangular current moveable 
Uboue a vertical axis (fig. 638), as what has been above stated, For. 
Fom the direction of the currents indicated by the arrows, the part QY 
lets by attraction not only on the horizontal portion YD (/atw of angular 
hurrent#), but also on the vertical portion AD (law of perfendicalar 
furrents) The same action evidently takes place between the part 
PY and the parts CY and BC, Hence, he fred current PQ tends to 
lirect the moveatle rectangular curreut ABCD into a position parallel te 
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PQ, and atin the wires oe ae 


is the sto 

This prin _is readily demonstrated by th 
the apparatus with two supports (fig. epee 
with the plane of thesupports, On passing below the circuit, a: h 
powerful current in the same plane as the supports, the moveable j 





passes into that plane. Tt i sthe circuit in fig. 645, which # 
astatic, while that of fig. 638 is not. 

What has been said about the rectangular current in fig. 638 applies io 
to the circular current of fig. 639, and is demonstrated by the same e- 
periments, 


ROTATION OF CURRENTS BY CURRENTS. 


792. Rotation ofa Anite horizontal curreat by an infinite horisestal 
rectilinear current.—The attractions and repulsions which rectangulir 
currents exert on one another may readily be transformed into a cot 
tinuous circular motion, Let QA (fig. 640) be a current moveable aboe 
the point O ina horizontal plane, and let PQ be a fixed infinite currest 
also horizontal, As these two currents flow in the direction of the arrum 











5 B40 Fig. bys. 





it follows that in the position OA, the moveable current is attracted by the 
current PQ, for they are in the same direction. Having reached the pos 
tion OA’, the moveable current is attracted by the part NQ of the fist’ 
current, and repelled by the part PN. Similarly, in the position QAYit 
attracted by MQ and repelled by PM, and so on; from which follows 






Rotation of Currents by Currents. 709 


} Totatory motion in the direction AA‘A"A™. If the moveable 
Instead of being directed from O towards A, were directed from 
©, It is easy to see that the rotation would take place in the 
direction. Hence, by the action of a fixed infinite current, PQ, 
‘moveable current OA tends to a continuous motion ¢u a direction 
that of the fixed current. * 

I both currents being horizontal, the fixed current were circular instead 
being rectilinear, it is easily seen that its effect would still beto produce 
‘continuous circular motion. For, let ABC (fig. 641) be a fixed circular 
Furent, and om a rectilinear current moveable about the axis m, both 
furents being horizontal, These currents, flowing in the direction of 
[Rearrows, would attract one another in the angle #AC, for they both 
Yow the summit (788). In the angle wAB, on the contrary, 
ey repet one another, for one goes towards the summit and the other 
ores from it. Both effects coincide in moving the wire »rm in the same 
linection ACB. 
| 795. Rotation of a vertical current by a horizontal circular current. 
=A horizontal circular current, acting on wrectilinear vertical current, also 
(uparts to it a continuous rotatory motion, In order to show this, the 
[pparatus represented in fig. 642 is used. 

Tt consists of a brass vessel, round which are rolled several coils of 
(sulated copper wire, through which a current passes. In the centre of 
je vessel is a brass support, a, terminated by a small cup containing 

*. In this dips a pivot supporting a copper wire, 66, bent at its 
ferensle Io tho vertical rasta; Stistraranliretcaa very light 
‘pper sing immersed in acidulated water contained in the vessel. The 
frrent af a battery entering through the wire ax, reaches the wire A,and 
tying made several circuits, terminates at B, whieh is connected by a 
(ee enderneath with the lower part of the column «, Ascending in this 
Huma, it passes by the wires é¢ into the copper ring, into the acidulated 
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iter, and into the sides of the vessel, whence it returns to the battery 
[the strip D. The current being thus closed, the cireult 44 and the 
hg tend to turn in a direction contrary to that of the fixed current, a 
btlon due to the action of the circular current on the current in the ver- 
fallbranches 6; for, as follows from the two laws of angular currents, the 
lanch Son the right is attracted by the portion A of the fixed current, 


















if the Barth and of Magnets on Currents, 711 


and if the north pole is uppermost, as in the figure, the rota- 
Wm West to east. If the north pole is below, or the direction 
ent be altered, the rotation of the magnet is in the opposite 






ead of making the magnet rotate on its axis, it may be caused to 
(ate round @ line parallel to its axis by arranging the experiment as 
own in fig. Of. 


i} 
ACTION OF THE EARTH AND OP MAGNET ON CURRENTS. 


795. Directive action of magnots on currents, Not only do currents 
§ upon magnets, but magnets also act upon currents, In Qersted’s 
fdamental experiment (fg. 602), the magnet being moveable while the 
rent is fixed, the former is directed and sets at right angles with the 
reat. If, on the contrary, the magnet is fixed and the current move- 
lig, the latter is directed and sets across the direction of the magnet. 
ais may be illustrated by the apparatus represented in fig. 645. ‘This is 


Fig. Bas 


¢ original form of Ampére’s stand, and is frequently used in experimental 
‘monstration. It needs no explanation. The circuit which the current 
tverses is moveable, and below its lower branch a powerful bar magnet 
; the circuit immediately begins to turn, and stops after some 
Gillations in a plane perpendicular to the axis of the magnet, 
For demonstrating the action of magnets upon currents, and indeed for 
tablishing the fundamental laws of electrodynamics, a small apparatus, 
jown a5 De la Rive’s floating dattery, is well adapted. It consists of a 
all Daniell's element, contained in a glass tube atvached toa cork, 80 
{vit can float freely on water, ‘The plates are connected with minute 
ercury cups on the cork float ; and with these can be connected either 





712 Dynamical Electricity. ul 


circular or rectangular wires, coils, or solenoids; and they arc! 
traversed by a current, and can be subjected to the action cithe 
magnets or of currents. 

796, Rotation of currents by magnets.—No! merely can current 
directed by magnets, but they may also be made to rotate, as is seen{ 
the following experiment, devised by Faraday, fig. 645, On a base 

levelling screws, and resting on an i 
support, is a copper rod, BD. It is 
mounted in part of its length by an 
netised bundle, AB, and at the top 
mercury cup. A copper circuit, 
balanced on a steel point, rests in 
cup, and the other ends of the cin 
which terminate in steel points, dip it 
annular reservoir full of mercury. 

The apparatus being thus array 
the current from 4 or 5 Bunsen’s elem 
enters at the binding screw 6 ; it th 
ascends in the rod D, redescends by 
two branches, reaches the mercury 
the steel points, whence it passes by 
framework, which is of copper, to 
battery by the binding screw a, If 
the magnetised bundle be raised 
circuit EF rotates either in one din 
or the other accordi ole 
which it is influenced. 
due to currents assumed to circulate ro 
magnets, currents which act on the vert 
branches EF in the same way as 
cireular current on the arm in fg. 6. 

In this experiment the magnet 
bundle may be replaced by a soler 
(802) or by an electromagnet, in which case the two binding screws in 
base of the apparatus on the left give entrance to the current which i 
traverse the solenoid or electromagnet. : 

797. Wlectrodynamic and electromagnetic rotation of liquid: 
In the experiments hitherto discussed rotation is produced by causia 
fixed current to act upon a moveable linear current. The condition « 
linear current is not necessary. Fig. 647 represents an apparatus devi 
by M. Bertin to show the electrodynamic and electromagnetic condit 
of liquids. This apparatus consists of an annular earthen vessel, V 
that is to say, it is open in the centre so as to be traversed by a coil, 
‘This rests on a board which can be raised along two columns, E an 
and which are fixed by means of the screws KK. Round the vessel 
is a second larger coil, G, fixed on the columns SS. The vessel VV re 
on the lower plane. 1n the centre of the coil there is a bar of soft iron 
which makes an electromagnet. 


SOP. 

















"Electrodynamic Rotation of Liquids. 


-yessel VV contains acidulated water, and in the liquid are plunged . 
df, 





copper plates, 
| obsess a battery of four couples through the rods 





Fig bor. 


‘The whole system is arranged on a larger base, on the left of which is 
‘Sommutator represented afterwards on a larger scale (fig. 648). With 
be base of the columns E, I, S, and S, are connected four copper strips, 
hese of which lead to the commutator and the fourth to the binding 
sa A, which receives the wire from the positive pole. 

‘These details betng premised, the following three effects may be 
btained with this apparatus (1), the action of the coil G alone; (2), 
he action of the electromagnet H alone ; (3), the simultancous action of 
be coil and of the electromagnet, 

1. Fig. 647 represents the apparatus arranged for the first effect. The 
screw A attains the column S', which 
fads it to the coil G. on which it is /e/f-—that is, in a contrary direction 
the hands of a watch, Then descending by the column S, it reaches 
‘commutator, which leads it by the plate marked ezafripete to the 
E and to the electrode ¢. The current here traverses the 
from the circumference to the centre, attains the electrode 4, the 
1, and by the intervention of the plate eentri/mge the central piece 
M the commutator, This transmits it finally to the negative binding 
j, which leads it to the battery. ‘The liquid then commences 2 
Fotatory motion—that is to say, in the same direction as the coil. 
Af the direction of the current in. the liquid is centrifnga’—that is, pro~ 
Is from the centre to the circumference—the rotation is éeverse; that 
is in the opposite direction to thar of the coil. In both cases the 



























traverses exactly the same circuit as in che first. 
are the same, though more intense; the action of 
magnet being in the same direction. 
798. Bertin’s commutator.— Co 
direction of currents may be anges at eB 
‘be opened or closed. Bertin’s has the advantage of at once: 
Greslan of the current, It consists of a small base of hard | 
which is an ebonite plate, which, by means of the handle a Toone 


Fig. Ont. 


turned about a ccntral axis, between two stops, ¢ and e 
fixed two copper plates, one of which is always positive,’ 
by the axis and by a plate, ¢, with the binding serty By 
positive electrode of the battery: 1 the otl ‘bent in 
shoe, is connected by friction below the disc with a 


aan 











Action of the Earth on Vertical Currents. 715 | 
N, On the opposite side of the board are two 
——- eg epecci men 





; #, and Febeing no longer in contact with the plates r and 7, the 
oes not pass, If wis turned as far as ¢, the plate 0 touches *, 
Eesetene kas: peases ‘first to & and returns by 4; it is therefore * 


}. Directive action of the earth on vertical currents. —The carth, 
‘exercises a directive action on magnets (643),acts also upon currents, 
‘them, in some cases, a fixed direction, in others a continuous 

soba as their currents weannsgelia @ vertical or 


‘ einen two actions may be thus enunciated + 
altel 


smnsigwietic meridian, and stops, after some ascitlations, on the ben 
rotation when #1 #3 descending, and on the west when it fe: 
ee be demonstrated by means of the apparatus represented in 


Fis. 650 
Biz. 650, which consists of two brass vessels af somewhat differentdiameters. 
Th, Langer 4 about £3 inches in diameter, has an aperture in the centre, 

through which passes a brass support, é, insulated from the vessel a, but 


with the vessel K. This column terminates in a small 

min which a light wooden rodrests on a-pivot. At oneend of this rod 

A fine wire Is cofled, each end of which dips in acidulated water, with 
“Which the two vessels are respectively filled. 





ee esatnoids 


{¢ be rectangular or circular, the resultis not a continuous rotation, 
‘ective action, as in the case.of vertical currents (796), in virtue of 
ecwrrent places itself in # plane perpendicular to the 
0 that, for an observer looking at the north, it is descen 
of tts axis of rotation, and ascending on the west. 
wroperty, which can be shown by means of the apparatus repre 
4 fig. 651, ig a consequence of what has been said about horizontal 
ine Forin the 
‘cult BDA, the current 
‘pper and lower parts 
turn in opposite direc 
ym the law of horisontal 
(800) ; and hence is in 
um, while in the lateral 
# current on the one side 
wards the cast, and on 
F side to the west, from 
of vertical currents. 
the directive action of 
bon currents, it is ne- 
in most experiments, to 
this action. This is ef- 
ly arranging the move- 
suit symmetrically about 
bf rotation, so that the directive action of the earth tends to turn 
‘opposite directions, and hence destroys them This condition is 
in the circuits represented in figs. 629 and 630. Hence these 
(are called astatic cévewits, 





SOLENOIDS, 


Structare of a solenoia.—A solenoid is a system of equal and 
circular currents formed of the same piece of covered copper wire, 
‘ed in the form of a helix or spiral, as represented in fig. 653. A 
|, however, is only complete | —. 
wie Mme SS BRCCRRITO: 
Giion of the axis in the interior 

i rangement, Fig. 653. 
ae circuit is traversed by @ current, it follows from what has 
id about sinuous currents (789) that the action of a solenoid in a 
linal direction, AB, is counterbalanced by that of the rectilinear 
BC. This action is accordingly null in the direction of the length, 
action of a solenoid in a direction perpendicular to its axis it 
eyual to that of « series of egual parallel currents. 
Action of currents on solenotds.— What has been sald of the 
if fixed rectilinear currents on finite rectangular, or circular cur- 
91), applies evidently to cach of the circuits of a solenoid, and 
rectilinear current must tend to direct these circuits parallel to 








ye a 






Pig toe 
moveable about a vertical axis, and if Deneath it a rectilinear cumest be 


in such a position thar its circuits are parallel to the fixed current; 
further, in the Tower part of each of the circuits the current is in the sum 
direction as in the rectilinear wire, 

If, instead of passing a rectilinear current below the solenoid, it & 
passed vertically on the side, an attraction or repulsion will take place 
according, as in the vertical wire, and in the nearest part of the solenoid, 
the two currents are in the same or in a contrary direction. 

S04. Directive action of the carth on sclenoids.—If a solenoid 
suspended in the two cups (fig. 626), not in the direction of 
meridian, and a current be passed through the solenoid, the | 
begin to move, and will finally set in such a posi 
the direction of the magnetic meridian, If the solenoid 
will, after a fow oscillations, return, so that its axis is 
meridian. Further, it will be found that in the lower half 
which the solenoid consists, the direction of the 
west; in other words, the current is i 
turned towards the east, and ascending om the 
action of the earth on solenoids is accordingly & consequence 
which it exerts on circular currents. In this 
directed like a magnetic needle, and the nerdh pole, as kn. 
end which points towards the north, and the south pele that which 
towards the south, This experiment may be well made by means 
solenoid fitted on a De la Rive's floating battery. 

305. Mutual action of magnets and 


phenomena of attraction and repulsion exist ie and 
magnet as between magnets. For if to a 


by a current, one of the poles of a magnet be presented, a or 


















will take place, according as the poles of the magnet and of the 
are of contrary or of the same name. The 


repulsions applies exactly to the case of the mutual action of solenoids 
‘magnets, 


06 Mutual actions of solonotds.— When two solenoids traversed by 
powerful current are allowed to act on each other, one of them being 

in the hand, and the other being moveable about a vertical axis, as 
| Sthown in fig. 655, attraction and repulsion will take place just as in the 





Fig. Os 


‘€ase of two magnets. These phenomena are readily explained by refer- 
“@nce to what has been said about the mutual action of the currents, 
bearing in mind the direction of the currents in the extremities presented 
_ to each other. 
Boy. Ampére's theory of magnetism.—Ainpore has propounded a 
‘Tost ingenious theory, based on the analogy which exists between sole 
“noids and magnets, by which all magnetic phenomena may be referred to 
| electrodynamical principles. 
Instead of attributing magnetic phenomena to the existence of two 
Amptre assumes that cach individual molecule of a magnetic 
fubstance is traversed by a closed electric current. It is further assumed 
“that these molecular currents are frée to move about their centres of 
favity. The coercive force, however, which is little or nothing in soft 







but considerable in stecl, opposes this motion, and tends to keep 
therm in any position in which they happen to be. When the magnetic 
| substance fs not magnetised, these molecular currents, under the influ- 
“ence of their mutual attractions, occupy such positions that their total 
“Séfion on any external substance is null. Magnetisation consists in 
Be tothe molecular currents « parallel direction, and the stronger 
magnetising force the more perfect the parallelism. The tineit af 

| “magnetization ik attained when the currents are completely parallel. 


Ampirés Theory of Magnetiom. 79 










CHAPTER VY. 


MAGNETISATION BY CURRENTS, ELECTROMAGNETS, ELRCTRIC 
TELEGRAPHS, 


‘pom sapere by ourrents,—From the influence which -cur- 
pon magnets, turning the north pole to the left and the south 

peas right is natural to think that by acting upon magnetic sub- 

ces in the natural state the currents would tend nie separate the two 
Th fact, when a wire traversed by a current is immersed 

° filings, they adhere to it in large quantities, but become detached 
‘soon as the current ceases, while there is no action on any other non- 
i il. 





he action of currents on magnetic substances is well seen in an ex- 
i due to Ampére, which consists in coiling an eae copper 
‘round a glass tube, in which there is an unmagnetised steel bar, If 
§ current be pasted through the wire, even for a short time, the bar 
. magnetised. 
Sites we have Litany séen, the discharge of a Leyden jar be transmitted 
srough the wire, by connecting one end with the outer coating, and the 
‘with the inner coating, the bar is also magnetised: Hence both 
fic und frictional electricity can be used for magnetising: 





Fig. 657 


If in this experiment the wire be coiled on the tube in such a manner 

when it is held vertically the downward direction of the coils is from 

to left on the side next the observer, this constitutes a right-handed 

Oi dextrurenl spiral or helix (lig. 657), of which the ordinary screw is an 

Example. In a feff-handed or sinistrorsal heléx the colling is im the 
ite direction, that is from left to right (fig. 658). 

ip a right-handed spiral the north pole is at the end at which the 





Fig. ost, 


Sarrent emerges, and the south pole at the end at which it enters; the 

Feverse is the case ina left-handed spiral. But whatever the direction of 

the coiling, the polarity is easily found by the following rule: {/a, serson) 

eodmoning tm the current look at the axis of the spiral, the north pole is 
mW 
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seen from the south pole, and against the hands of a watch as seen from 
the north pole. 

The results at which various experiments have arrived as regards the 
force of electromagnets are often greatly divergent, whicn is partly due tu 
the different senses they have attached to the notion of electromagnetic 
force. For this may mean (1.) the induction current which the develop- 
‘ment and disappearance of the magnetism of an iron core indicate ina 
spiral which surrounds it ; this is the exciled magnetism ; or (LI) the free 
magnetism measured by the action on a magnetic needle, oscillating at a 
distance ; (III.) the attractive force, or the force required to hold an ar- 
mature at a distance from the electromagnet ; (IV.) the difting power 
measured by the force with which an armature is held in direct contact 
with the pole. 

The’ most important results which have been arrived at are the fol 
lowin; 

(i) Using the term electromagnetic force in the first two senses, it is 
proportional to the intensity of the current. This only applies when the 
currents are not very powerful, and to stout bars; for in each bar there 
is, as Muller has found, a maximum of magnetisation which cannot be 
exceeded. 

Gi.) Taking into account the resistance, the electromagnetic force is 
independent of the nature and thickness of the wire. Thus the intensity 
of the current and the number of coils being the same, thick and thin 
wires produce the same effect. 

(iii) With the same current the electromagnetic force is independent of 

the width of the coils, provided the iron projects ‘beyond the coils, «nd 
the diameter of the coil is small compared with its length. 
) The temporary magnetic moment of an iron bar is within certain 
limits proportional to the number of windings, The product of the in- 
tensity into the number of turns is usually spoken of as the magnetising 
power of the spiral. The greatest magnetising power is obtained when 
‘the resistance in the magnetising spiral is equal to the sum of the other 
resistances in the circuit, those of the battery included, and the length 
and diameter of the wire must be so arranged as to satisfy these con- 
ditions. 

(v.) The magnetism in solid and in hollow cylinders of the same 
diameters is the same, provided in the latter case there is sufficient iron 
for the development of the magnetism. 

(vi.) The attraction of an armature by an electromagnet is proportional 
to the square of the intensity of the current so long as the magnetic 
moment does not attain its maximum. Two unequally strong clectro- 
magnets attract each other with a force proportional to the square of the 
sum of both currents. : 

(vii.) For powerful currents the length’ of the branches of an clectro- 
magnet is without influence on the weight which it can support. 

As regards the quality of the iron used for the electromagnet, it must 
be pure, and be made as soft as possible by being reheated and cooled 
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ELECTRIC TELEGRAPH. 


812. Mectri telegraphs.—-These are apparatus by which signals can 
be transmitted to considerable distances by means of voltaic currents 
propagated in metallic wires. Towards the end of the last century, and 
at the beginning of the present, many philosophers proposed to corre- 
spond ata distance by means of the effects produced by electrical machines 
when propagated in insulated conducting wires, In 1811, Saemmerin; 
invented a telegraph in which he used the decomposition of water for 
giving signals. In 1820, at a time when the electromagnet was unknown, 
Ampére proposed to correspond by means of magnetic needles, above 
which a current was sent,as many wires and needles being used as letters 
were required. In 1834, Gauss and Weber constructed an electromagnetic 
telegraph, in which a voltaic current transmitted by a wire acted on a 
magnetised bar ; the oscillations of which under its influence were ob- 
served by a telescope. They succeded in thus sending signals from the 
Observatory to the Physical Cabinet in Gittingen, a distance of a mile 
and a quarter, and to them belongs the honour of having first demon- 
strated experimentally the possibility of electrica| communication at a 
considerable distance. In 1837, Steinheil in Munich, and Wheatstone 
in London, constructed telegraphs in which several wires each acted ona 
single needle ; the current in the first case being produced by an electro- 
magnetic machine, and in the second by a constant battery. 

Every electric telegraph consists essentially of three parts : 1, a circuit 
consisting of a metallic connection between two places, and an e/cc- 
tromotor for producing the current ; 2, a communicator for sending the 
signals from the one station; and, 3, an indicator for receiving them at 
the other station. The manner in which these objects, more especially 
the last two, are effected can be greatly varied, and we shall limit our- 
selves to a description of the three principal methods. 

The electromotor generally used in England is a modification of Wollas- 
ton’s battery. It consists of a trough divided into compartments, in each 
of which is an amalgamated zinc plate and a copper plate ; these plates 
are usually about 4} inches in height by 3} in breadth. The compart- 
ments are filied with sand, which is moistened with dilute sulphuric acid. 
‘This battery is inexpensive and easily worked, only requiring from time 
to time the addition of a little acid; but it has very low electromotive 
force and considerable resistance, and when it has been at work for some 
time, the effects of polarisation begin to be perceived. On the telegraphs 
of the South Eastern Railway, the platinised graphite (746) battery in- 
vented by Mr. C, V. Walker is used with success. In France, Danicll's 
battery is used for telegraphic purposes. 

‘The connection between two stations is made by means of galvanised 





















Of these many kinds exist. Figs 664 and 665 
‘of one form, constructed by 


from the 
1 (fig, 665), from the arrival to the departure. 
‘is replaced by the earth circuit. Each apparatasis 
Bs ta letters of the alphabet, on which a 
le at the departure station is moved by hand, 


electricity. 
effects are as follows ; From the battery 
(fig. 654), into a brass spring N, which 
then by a second spring, M, into the 
h joins the other station. Thence the current passes into 
bbin of an clectromagnet, 4, not fully shown in fe 665, bur of 
b which fg. 663 represents a section, showing the 
‘anterior part of the apparatus, This electro- 
‘magnet is fixed horizontally at one end, and at 
the other it attracts an armature of soft iron, a, 
‘which forms part of a bent lever, moveable about 
its axis, ¢, while a spring, 7, attracts the lever in 
the opposite direction. 
When the current passes, the clectromagnet- 
‘attracts the lever aC, which by a rod, f, acts 
eauswad bah @, fixed to a horizontal axis, 
| etal F, When the cur- 
exter. a jolhea hla the lever aC, 
(and therewith all the connected pieces ; aback. 
2 and forward motion is produced, which Fig be 
lis communicated to the fork F, which transmits it to a toothed 
bwheel, G, on the axis of which is the ncedic. From the arrangement 
[of its cecth, the wheel G is always moved in the same direction by the 
‘To explain the intermittent action of the magnet, we must refer to 
‘Gg. 664. The toothed wheel, R, has 26 tecth, of which 25 correspond to 
of the alphabet, and the last to the interval reserved between the 
Aand Z When holding the knob P in the hand the wheel Ris 
the end of the plate N from its curvature is always in contact with 
the teeth; the plate M, on the contrary, terminates in a catch cut so that 
Gomtact is alternately made and broken. Hence the connections with 
the battery having been made, if the needle P is advanced through four 
aay 





he. 





“ te clegraphe 


rs. fetter, the needle of the arrival station will have passed through exactly 
same number of letters ‘as that of the departure station. ‘The piece 


ian 
| From this explanation it will be readily eocine how communica- 
fons are made between different places, Suppose, for example, that the 
first apparatus being at London and the second at Brighton, there beings 
fic connection between the two towns, it is desired to send the word 
to the latter town ; as the needles correspond on each apparatus to 
jnterval retained between A and Z, the person sending the despatch 
Mawes the needle P to the letter S, where it stops for a very short time ; 
4S the needle af Brighton accurately reproduces the motion of the London 
heed, it stops at the same letter, and the person who reccives the des- 
(mitch notes this letter. The one at London always continuing to tum in 
cee furan, stops at the letter I, the second needle immediately 
letter; and continuing in the same manner with the 
freer SA yal te ord is soon transmitted to Brighton, The 
{tention of the observer at the arrival station is attracted by means of an 
Sketric alaruen. Each station further must be provided with the two 
‘apparanis (Egs. 663 and 664), without which it would be impossible to 


answer, 

| 815, Morse's tetograph.—The telegraphs hitherto described leave no 
nce of the despatches sent, and if any errors have been made in. copying 
tthe signals there is no means of remedying them. These inconveniences 
Jato not met with in the case of the writing telegraphs, in which the signs 
‘themselves are printed on a strip of paper at the time at which they are 
Mansmitted. 

Of the numerous printing and writing telegraphs which have been de- 
vised, that of Mr. Morse, first brought into use in North America, is best 
Known. It has been almost universally adopted on the Continent. In 
Bet there aire three distinct parts = the #ndéeator, the cvmutw- 
wicuter, and the relay ; figs. 666, 667, and 668 represent these ap 
paratus a 

Indicator. We will first describe the indicator (fig, 666), leaving out of 
‘Sight for the moment the accessory picees, G and T, placed on the right 
bf the figure. The current which enters the indicator by the wire, C, 
passes Into an electromagnet, E, which, when the current is closed, 
Mtracts an armature of soft iron, A, fixed at the end of a horizontal lever 
(moveable about an axis, 7; when the current is open the lever is raised 
bya ering, 7. By means of two screws, m and v, the amplitude of the 

is regulated. At the other end of the lever there is a pencil, 

‘which writes the signals. For this purpose a long band of strong 
paper, AA, rolled round a drum, R, passes between two copper rollers 
With a rough surface, w, and turing in contrary directions, Drawn 
inthe direction of the arrows, the band of paper becomes rolled on a 
fecond drum, Q, which is turned by hand. A clockwork motion placed 
| the box, BD, works the rollers, between which the band of paper 
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fis lindieater, for ofcourse two places in communication are each pro- 
with an indicator and communicator. | 


i) 
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These details known, there are two cases to be considered: 1. The 
Bmunicator is arranged $0 as to receive a despatch from a distant 
ity the extremity 4 is then depressed, as represented in the drawing, 
that the current which arrives by the wire of the line L, and ascends 





the metallic piece m, redescends in the wire A, which leads It to the 
licator of the post at which the apparatus ig placed. 2. A despatch is 
be transmitted ; in this case the key B is pressed 50 that the lever 
fnes in contact with the button x, ‘The current of the local battery, 
ich comes by the wire P, ascending then in the lever, redescends by = 





Morsé's Telegraph 


h a general battery of 25, Daniell’s elements the current is strong 
at upwards of 90 miles from its starting-point to work a relay. 
longer anew current must be taken, as will be seen in the 
‘on the change of current (vse infra), 
Weorting of the three apparatus. “The three principal pieces oe 
pparatus being thus known, the following is the actual path of 


The current of the line coming by the wire L (fig, 6685 passes at firat 
the piece T intended ta serve as lightning conductor, when, from the 
nce af atmospheric electricity in time of storm, the conducting wires 

pme charged with so much electricity as to give dangerous sparks. 
apparatus consists of two copper discs, «f and f, provided with teeth 
sides opposite each other, but not touching. The disea is con: 
‘with the earth by a metallic plate ar the back of the stand which 

ports this lightning conductor, while the disc /is in the current, The 
coming by the line L. enters the lightning conductor by the binding: 
fixed at the lower part of the stand on the left ; then rises ta a 
mutator, x, which conducts it toa button, c, whence it reaches the 
by a metallic plate at the back of the stand; in case a lightning 

urge should pass along the wire, it would now act inductively on the 

d, aii emerge by the points without danger to those about the 


Moreaver, from the disc /; the current passes into a very fine 
‘Wire insulated on a tube ¢, As the wire is melted, when the dis- 


too intense, the electricity docs not pass into’ the apparatus, 


ich still further removes any danger. 
etn, the current proceeds from the foot of the support s to @ screw 
the right, which conducts it to a small galvanometer, G. serving to 
Erite ty the deflection of the necdle whether the current passex 
WE vom this galvanometer the current proceeds toa communicator (6g: 667), 
Sehich it enters at L, whence it emerges at A to go to the relay (fi. 668), 
i this at L., it works the electromagnet, and establishes the com- 
necessary for the passage of the current of the local battery, 

thas been said in speaking of the relay. 

‘Change of current. To complete this description of Morse’s apparatus 
be observed that in general the current which arrives at 1, after 
traversed 6 miles, has not sufficient force to register the despatch, 

to proceed to a new distant point, Henee, in each telegraphic 
& new current must be taken, that of the postal éattery, which 
‘of 20 to 30 Daniell’s elements, and is not identical with the 


jis new current enters at P (fig. 666), reaches a binding screw which 
it to the column H, and thence only proceeds further when the 
Asinks A small contact placed under the lever touches then 
Sapte ‘the current proceeds from the column H tothe metallic 
BD, whence by a bindis it represented in the 
it reaches lastly the wire of the line, which sends it to the follow+ 
‘post, and so on from one point to another, 


y 












Induction in Telograph Cables. Electrical Clocks. 737° 
cation be acoelerated and made mare certain, but they can never _ 


obviated: 

the Atlantic Cable instruments on the principle of Thomson's 
cting galvanometer are used for the receptian of signals, the mo 
ns of the spot of light to the right and left forming the basis of the 
ah a} 


Bain's eloctrochomieal telegraph.—If a strip of paper be 

d in an aqueous solution of ferrocyanide of potassium and con~ 

d with the negative pole of a battery, and If the other face be 

ched with a steel pointer connected with the positive pole, a blue 

srk due to the formation of some Prussian blue will be formed about 

from, 90 long as the current passes. The first telegraph based on this 

ple was invented by Mr, Bain. The alphabet isthe same as Morse’s, 

ig first composed at the departure station on a long 

of ordinary paper It is perforated successively by smal! round and 

, holes, which correspond respectively to the dots and marks. 

strip of paper is interposed between a small metal wheel and a 

spring, both forming part of the circuit, The wheel in turning 

with it the paper strip, all parts of which pass successively 

the wheel and the plate. If the strip were not perforated, it 

not being a conductor, constantly offer a resistance to the passage 

the current; but, in consequence of the holes, every time one of them 

P there is contact between the wheel and the plate, Thus the 

works the relay of the post to which it is sent, and traces in blue, 

‘on a paper disc, impregnated with ferrocyanide of potassium, the same 
"Series of points and marks as those on the perforated paper, 

‘B13. Blectrtea! elocks,Electrica! clocks are clockwork machines, 

which an electromagnet, by means of an electric currept regularly 

ed, is both the motor and the regulator. Fig. 669 represents 


A , B, attracts an armature of soft iron, P, moveable 
a pivot, The armature P transmits its oscillating motion to a levery 
‘by means of a ratchet, #, turns the wheel, A. This, by the 

‘D, turns the wheel C, w! by a series of wheels and pinions 

the hands. The small one marks the hours, the large ane the 

; but as the latter docs not move regularly, but by sudden starts 
‘second to second, it follows that it may also be used to indicate the 


16 obvious that the regularity of the motion of the hands depends 
ithe rexularity of the oscillations ofthe piece P. For this purpose, the 
sions of the current, before passing into the electromagnet B, are 

‘by a standard clock, which itself has been previously regulated 

“a seconds pendulim, At each oscillation of the pendulum the 
ig open and closed, and thus the armature P beats seconds 


Boo illustrate the use of these electrical clocks, suppose that on the 
llway from London to Birmingham each station has an electric clock, 
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tur clectromagnets, the system of wheels which carri¢s them assumes a 
pict rotatory motion, which by the wheel P and an endless band is 





Fig. O71 


fitted to a sheave, Q, which sends it finally to any machine, a 
ing rill for example. 

[Im bis workshops M. Froment has an electromotive engine of one- 
power, Hut as yet these machines have not been applied in 
factures, for the expense of the acids and the zine which they use 

Gry far exceeds that of the coul in steam engines of the same force, 

{atl some cheaper source of electricity shall have been discovered there 

(io expectation that they can be applied at all advantageously, 

amachine devised by Kravogl produces about 17 per cent. of 
useful effect duc to the zinc, and therefore in utilising this force they 
Shout equal to the best stean engines. But a pound of caal yields 7,200 

}epimal units, and a pound of zine only 1,200; and as zinc is ten times as 

fir as coal, electromotor engines are sixty times as dear as steam 





through 

fi. At the moment at which the current is opened, that is, when the 
Gd ceases to be traversed by # current, there is again produced in the 
(a an induced current instantaneous like the first, but dérect, that is, 

the same direction 4s the inducing current, 

(821. Production of induced currents by continuous ones.—Induced 
is are also produced when a primary coil traversed by a current is 
oa to or removed from a secondary on may be shown by 
Brice sopematw fig. 673, in which B is a hollow coil consisting of 
os Jength of fine wire, and A @ coil consisting of a shorter and thicker 

and of such dimensions that it can be placed in the secandary call. 


Fie on 


(Pht coil A being traversed by a current, if it is suddenly placed in the 
23h lvanometer connected with the latter indicates by the direction 
fion the existence in it of an smverse current; this Is only 
is, the needle rapidly returns to zero, and remains $0 long as 
psmall bobbin is in the large one. If it is rapidly withdrawn, the gal- 
shows that the wire is traversed by a direct current. If, instead 
‘rapidly introducing or replacing the primary coil, this is done slowly, 
r only indicates a weak current, and which is the féebler 
‘slower the motion. 
Tf, instead of varying the distance of the inducing current, its intensity 
varied, that is, cither increased by bringing additional battery power 
@ the circuit, or diminished by increasing the resistance, an induced 
is produced in the secandary wire, which is inverse if the intensity 
fnducing current increases and direct if it diminishes, 
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Induction by Magnets. 


ri it the induced current. The two wires on the plates are not 
covered with lk, but cach efrevit iS insulated from the next one by 


‘thick layer of shellac varnish, a condition necessary In experimenting 
th statical electricity, which is always more difficult to insulate than 
of the voltaic current, in consequence of its greater tension. 
Tis onder to show the production of the induced current by the discharge 
a Leyden jar, one end of the wire C is connected with the outer coating, 
d the other end with the knob of the Leyden jar, as shown in the figure. 
en the spark passes, the clectricity traversing the wire C acts by in- 
on the neutral fluid of the wire on the plate B, and produces ax 
taneous current in this wire. A person holding two copper handles 
necting with the wires / and /, receives a shock, the intensity of which 
Gs Rreater in proportion as the plates A and Bare nearer. This experi- 
mM proves that frictional electricity can xive to induced currents as 
Well as voltaic electricity. 
‘The above apparatus can also be used to show the production of induced 
c bby the influence of voltaic currents. For this purpose the current 
‘a battery is passed through the inducing wire C, while the ends of the 
wire, 4 and 4, are connected with a galvanometer, At the moment 
‘which the current commences or finishes, or when the distance of the 
9 conductors is varicd,the same phenomena are observed as in the case 
ae apparatus (820), 
824. Xmduetion vy magnets—It has been seen that the influence of 
in like manner a magnet can produce 
ced currents in metallic circuits, Faraday has shown this by means 
coil with a single wire of 200 to 300 yards in length. The two 
etremities of the wire being connected with « galvanometer, as shown in 
73, a strongly magnetised bar is suddenly inserted in the bobbin, and 
phenomena are observed : 
hk og moment at which the magnet is introduced, the galvanometer 
es in the wire the existence of a current, the direction of which is 








“This observation Jed iS ara 
nexpecte Ti action whieh a 
tion exercises on a 
oS V may be: ipparatus 2 
TLeansists of a copper disc, M, moveable about a a | 
is aris ix a sheave, B, round which is coiled an endless cord 


rotated with great rapidity. Above the dise is a glass os, 
the di 


is a small pivot supporting a magnetic needle, a6, 

‘moved with a slow and uniform velocity, the needle is deflected in _ 

-af the motion, and stops at an angle of from 20” to 30” with 

of the magnetic meridian, according to the velocity of the 

ti the disc, But if this velocity inereases, the needle is ulti- 

‘deflected more than 90”; it is then carried along, describes an 

ition, and follows the motion of the disc until this stops. 

and Herschel modified Arayo’s experiment by causing a horse- 

placed vertically to rotate below a copper dise suspended on 

without torsion ; the dise rotated in the same direction as the 


effect decreases with the distance of the disc, and varies with its 
‘The maximum effect is produced with metals ; with wood, glass, 

r, ete. it disappears. Babbage and Herschel have found that repre- 
this action on copper at 100, the action on other metals is as 

+= Zine 95, tin 46, lead 25, antimony 9, bismuth 2. Lastly, the effect 
bled if the continuity, especially in the 
of the radii; but the same phy: have observed, that it 
pent the same intensity if these breaks have been soldered 


lay made an experiment the reverse of Arago’s first observation; 
Presence of a metal at rest stops the oscillations of a magnetic 
the neighbourhood of a magnet at rest ought to stop the motion 





of a rotating mass of metal. Faraday sus; 

twisted thread, which was placed between the | 

“ magnet. When the thread was left to itself, 3 

pet velocity, but stopped the moment a powerfal current 
electromagnet. 


df magnetism by rotation. r 
magnet or a sckenold can indoee currents to 1 solid zomeu of wate 
the above case the magnet induces currents in the disc, when the 

is rotated; and conversely when the magnet is rotated while the 6: 
primarily at rest. Now these induced currents by their 

action tend to destroy the motion which gave rise to them 

simple illustrations of Lenr’s law; they act just in the same wayas 
would do. 


therefore repels 
x | M, / duces currents which are of the same kind, a 
NN La/ which therefore attract, and both these actions c 
— cur in bringing it to rest. 

ii, Suppose the metallic mass turns from N te 
wards M, and that the magnet is fxed ; the magnet will repel by indi 
tion points such as N which are approaching A, and will attract M which 
is moving away; hence the motion of the metal stops, as in Faradays 
experiment. 

If in Arago's experiment the disc is moving from N to M; 
proaches A and repels it, while M moving away attracts it; hence the 
needle moves in the same direction as the disc. 

If this explanation is true, all circumstances which favour induction 
will increase the dynamic reaction ; and those which diminish the fermer 
will also lessen the latter. We know that induction is greater in gol 
conductors, and that it does not take place in insulating substances ; bet 
we have seen that the needle is moved‘with a force which is less, 
less the conducting powers of the disc, and it is not moved when the dise 
is of glass. Dove has found that there is no induction on a tube split lengt 
wise in which a coil is introduced. 

In order to bring the oscillations of the needle of a galvanometer mort 
quickly to rest, the wire is coiled upon a copper frame. Such an arrange 
ment is called a damper, and in practice it is frequently used. 

826. Znduction by the action of the earth.—Faraday discover! | 
that terrestrial magnetism can develope induced currents in mevall< 
bodies in motion, acting like a powerful magnet placed in the interior & 
he earth in the direction of the dipping needle, or, according to the 
heory of Ampére, like a series of electrical currents directed from eat 
to west parallel to the magnetic equator. He first proved this by placing 
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ong helix of copper wire covered with silk in the planc of the magnetic 
‘ridian parallel to the dipping needle ; by turning this helix 180° round 
laxis perpendicular to its length in its middle, he observed that at each 
‘8 a galvanometer connected with the two ends of the helix was de- 
ted. ‘The apparatus depleted in fig. 678, and known as Drleseune'e 





Fig. Gt, 


fle, serves for showing the existence of terrestrial induced currents, It 
jsists of a wooden ring, RS, about two feet in diameter, fixed to an axis 
about which it can be turned by means of a handle, M. The axis a/is 
HE Bxed in a frame, PQ, moveable about a horizontal axis, By needles 


tdto these two axes the inclination towards the horizon of the frame, 


},and therefore of the axis oa, Is indicated an a dial, 6, while a second 
i, gives the angular displacement of the ring. ‘This ring has a groove 
Which is coiled a large quantity of insulated copper wire. ‘The two ends 
the wire terminate in a commutator analogous to that in Clarke's appa- 
is (832), the object of which is to pass the current always in the same 
se, although its direction, SR, changes at ench semi-revolution of the 
& On each of the rings of the commutator are two brass plates, 
fh successively transmit the current to two wires in contact with the 
Wanometer. ‘The axis oz being in the magnetic meridian, and the ring 
iat right angles to the direction XY of the dipping needle, if ix is 
Wwiy rotated the needle of the galvanometer is deflected, and by its 
lection indicates in the wire coiled on the ring, an induced current 
(3¢ intensity increases until it has been turned through 90°; the devia- 
¥then decreases, and is zero when the ring has made a semi-rewolit~ 
fe Hf the rotation continues, the current reappears, but in a contrary 
fetion, and attains a second maximum at 270"; becoming null again 
fea complete tum, When the axis ow is parallel to the dip there is no 
feat. 

27. Xnduction of a current on itself, Extra current—If a closed 
wit-traversed by a voltaic current be opened, a scarcely perceptible 


xa 
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poles of a battery are connected with two binding screws, D and Fy 
which are also connected the two ends of a bobbin, B, with a long 
wire iwhich offers therefore a great resistance, On the path of the "i 
at the points A and C are two other wires, which are connected wih’ 
galvanometer, G. Hence the current from the pole E branches at A it 
two currents, one which traverses the galvanometer, the other the bobbi 
and both joining the negative pole E’. 

The needle of the galvanometer being then deflected by the cum 
whieh goes from’A to C, it is brought back to zero, and kept there by 
obstacle which prevents it from turning in the direction Ga, but lear 
it free in the opposite direction, On breaking contact at E, it is a 
that the moment the circuit is open the needleis deflected in the direaise 
Ga’ ; showing a current contrary to that which passed during the exit 
ence of the current—that is, showing a current from C to A, But 
battery current having ceased, the.only «remaining one is the cate 
AFBDCA; and since in the part CA the current goes from € to AM 





act inductively on each other, not-merely on opening, but also od 

the current. Here,in accordance with the gencral law of indue+ 

‘each spire acting on each succeeding one induces a current in the 

direction to its own—that is,an inverse current ; this, which is 

extra current on clasing, ov the inverse extra current, being of one 

direction to the principal one, diminishes its intensity, and Jessens 
the 


‘suppresses the spark on closing, 

When, however, the current is opened, each spire then acts inductively 

ack succeeding one, producing a current in the same direction as its 
| gd whieh therefore greatly heightens the intensity of the principal 

This is the extra current on opening, or direct extree curren 

| To observe the direct extra current, the conductor on which its effect 
is to be traced may be introduced into the circuit, by being connected in 
kay suitable manner with the binding screws A and C im the place of the ~ 
galvanometer, 
| Ercan thus be shown that the direct extra current gives violent shocks, 
bright sparks, decomposes water, melts platinum. wire, and magnetisos 

feel needles. Abrin has found that the intensity of the extra current 
pst about 0°72 of the principal current. The shock produced by the 
eurrent may be tried by attaching the ends of the wire to two files, which 
fare held in the hands, On moving the point of one file over the teeth of 
the other a series of shocks is obtained, due to the alternate opening and 
closing of the current, 

‘The above effects acquire greater intensity when a bar of soft iran is 
[atroduced into the bobbin, or, what is the same thing, when the currear 
is passed through the bobbin of an electromagnet ; and still more is this 
the case if the core, instead of being massive, consists of a bundle of 
Mraight wires, Faraday explains this strengthening action of soft iron 

follows : If inside the spiral there is an iron bar, when on opening the 

freuit the principal current disappears, the magnetism which it evokes 
the bar disappears too; but the disappearance of this magnetism acts 
the disappearance of the clectrical current, and the disappearing 
‘ism induces a current in the saae direction as the disappearing 
‘pal current, the effect of which is thus heightened, 
T In the experiments just described the effects of the two extra currents 
kccompany those of the principal current, Edlund has devised an in- 
arrangement of apparatus by which the action of the principal 
ton the measuring instruments can be completely avoided, so that 
that of the extra current remains. In this way he has arrived at the 
Jaws; 

ahd intensity of the currents used being the same, the extra currents 

ined on opening and closing have the same electromotive force. 

Hi. The electromotive force of the extra current is proportional to the ba- 
tensity of the primary current, 





effects comparable to those of 

The direct induced current and the inverse indi rrent 
compared as to three of their actions: the violence of the shock, the de 
flection of the galvanometer, and the magnetising action on steel bars 
In these respects they differ greatly: they are about equal in their action 
on the galvanometer ; but while the shack of the direct current is vey 
powerful, that of the inverse current is scarcely perceptible. The same 
difference prevails with reference to the magnetising force. The direc 
curzent magnetises to saturation, while the inverse current does not mag- 
netise. 

831, Mews of indu sats.—In his special treatise on inductios, 
Maitcucci has deduced from his own researches, and from those of Fars: 
day, Lenz, Dove, Abria, Weber, Marianini, and Felici, the following liws 
in reference to induced currents: 

i, The intensity of induced currents is proportional te that of theie- 
ducing currents. 
ii, This intensity is proportional to the proauct of the length of the 
inducing and induced currents. 

iii, The electromotive force developed by @ given guantity of electricil 

the same whatever be the nature, section, or shape of the inducing sit 
cu 

iv, The electromotive force developed by the induction of a current ve 
any gtuen conducting circuit ts independent of the nature of the tom 
ductor, 

v. The development of induction is independent of the mature of the kx 
sulating body interposed between the induced and inducing circsat. 

This latter law is in disaccord with the experiments of Faraday, on the 
induction of statical electricity (687). 
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APPARATUS FOUNDED ON INDUCTION. 


832, Magnoto-slectrical apparatas.— After the discovery of magneto- 
fetrical induction, sever! attempts were made to produce an uninter- 
}pted series of sparks by means of a magnet. Apparatus for this purpose 
exe devised by Pixii and Ritchic, and subsequently by Saxton, 
ttingshausen, and Clarke. Fig, 680 represents that invented by Clarke, 
consists of a powerful horse-shoe magnetic battery, A, fixed against a 
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rtical wooden support. In front of this there are two bobbins, BB’, 
foveable round a horirontal axis ‘These bobbins are coiled on two 
slinders of soft iron joined at one end by a plate of soft iron, V, and at 
he other by a similar plate of brass, These two plates are fixed on a 
Opper axis, terminated at one end by a commutator, 94, and at the other 
ly. pulley, which is moved by an endless band passing round a large 
theel, which is turned by a handle. 

Each bobbin consists of about 1,500 turns of very fine copper wire 
bvered with silk. One end of the wire of the bobbin B is connected on 
he axis of rotation with one end of the wire of the bobbin B’, and the 
ro other ends of these wires terminate in a copper ferrule or washer, g, 
hich is fixed to the axis, but is insulated bya cylindrical envelope of 




















nately magnetised in contrary 1 
magnet A, and in each wire an induced caret 


of which changes at each half turn. 
Let us follow ane of the bobbins—B, Py parae 
plete revolution in front of the aa ‘ ‘of the magnet 
poles of the electromagnet successively a” men ‘ 
the latter whem it passes in front of the oak 
(fig. 682). ‘The iron has then a south pole in 
périan currents move like the hands of a.wateh. 
be represented by fig, 682, but it must be remembered that 
are seen here as they are in fig. 6803 and hence, when 1 

, the Ampérian currents: 


the bobbin, producing a current in the same 
‘bobbin moves away from the pole a, its soft food 


Fig, 62. Fig. Hy 

















Fig. 684. Fig. 685. 


the Amptrian currents cease (822). The intensity of the induced current 
in the bobbin decreases, until the right line joining the axes of the 


acmeammMma 





» bobbins is perpendicular to that which joins the poles @ and 6 of the 
f There fs now no magnetism in the bar, but nes the 
le 4, its soft iron is then magnetised in the opposite direction—that is, it 
tomes a north pole (se 683). ‘The Ampérian currents are then in the 
ection of the arrow a’; and as they are commencing, they a in 
{wire of the bobbin an inverse current (822), which is in the same 
fection as that developed in the first quarter of the revolution, More- 
fe, this second current adds itself wo the first, for while the bobbin 
(wes away from a, it approaches &. Hence, during the lower half 
folution from a to A, the wire was successively traversed by two induced 
trents in the same direction, and if the rotatory motion is sufficiently 
bid, we might admit during this half revolution the existence of a single 
rent of the wire. 

Phe same reasoning applied to the figures 684 and 635 will show that 
fing the upper half revolution the wire of the bobbin B is still traversed 
a single current, but in the opposite direction to that of the lower half 
olution, What has been said about the bobbin 18 applies obviously to 
[bobbin KH’; yet as one of these is right-handed and the other left 
ded, during each upper or lower half revolution the currents are 
jstantly in the same direction in the two bobbins. At each successive 
(f revolution they both change, but are in the same direction as regards 
th other ; the term direction having here reference to figs. 682-685, 
533. Commutator.—The object of this apparatus (fijg, 686), of which 
687 is « section, is to bring the two alternating currents always in the 
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Mme direction, It consists of an insulating cylinder of ivory or ebony, Jy 
the axis of which is a copper cylinder, K, of smaller diameter, fixed to 
wea 


of woot, M, there are two brass p 
two elastic springs, and ¢, which press 


We have already seen that he cements 
those in the same direction with respect to 


them at any time, which will be om a dog th 
armature V, terminate in the metallic ie 


‘while the other two ends, | ‘otk ia 


these are alternately in 
contrary directions, the 
pieces @ and o! are a 
ternately positive and ne- 
gative. Now, taking the 
case in which the half fernile ois positive, the current descends by the 
spring @ follows the plate m, arrives at w by the joining wire A, ascends 
in, and 1s closed by contact with the piece ¢ ; then, when in consequence 
of rotation o takes the place of 0, the current retains the same direction 
for, as it is then reversed in the bobbins, @ has become positive and 
of negative, and so forth as long as the bobivin is turned. 

With the two springs 4 and ¢ alone, the opposite currents from the (0 
pieces o and o’ could not unite when m and m are not joined; this 
is effected by means of a third spring, a (fig. 680), and of two appendices, 
#, only one of which is visible in the figure. These two pieces are ine 
lated from one another onan ivory cylinder, but communicate respectively 
with the pieces o and e’, As often as the spring a touches one of these 
pieces it is connected with the spring 4, and the current is closed, for 
passes from é to a, and then reaches the spring ¢ by the plate x. Onthe | 
contrary, as long as the spring @ does not touch one of these appendices 
the current is broken. 

For physiological effects the use of the spring @ greatly increases the 
intensity of the shocks. For this purpose two long spirals of copper witt | 
with handles, p and f’, are fixed at # and m, Holding the handles i 
the hands so long as the spring @ does not touch the appendices f, the 
current passes through the body of the experimenter, but without appre 
ciable effect ; while each time that the plate a touches ane of the appe> 
dices 4, the current, as we have seen above, is closed by the pieces 4% 
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‘tnd ¢, and ceasing then to pass through the wires f, mp’, there is pro- 
duced in this and through the body a direct extra-current which produces 
a violent shock. 

‘This ts renewed at each semi-revolution of the electromagnet, and its 
intensity increases with the velocity of the rotation. The muscles con- 
tract with such force that they do not obey the will, and the two hands 
eannot be detached. With a well-constructed apparatus of large dimen- 
sions @ continuance of the shock is unendurable; the person receiving it 
is prostrated, rolls on the ground, and is soon completely at the mercy of 
the operator. 

Al the effects of voltaic currents may be produced by the induced 
currents of Clarke's machine. Fig, 681 shows how the apparatus is to 
be arranged for the decomposition of water. ‘The spring a is suppressed, 
the current being closed by the two wires which represent the electrodes. 

For physiological and chemical effects the wire rolled on the bobbins 
is fine, and cach about 500 to 600 yards in length, For physical effects, 
‘on the contrary, the wire Is thick, and there are about 25 to 35 yards on 
each bobbin. Figs 688 and 639 represent the arrangement of the 
bobbins and the commutator in each case, ‘The first represents the in- 
flammation of ether, and the second the ineandescence of a metallic wire, 





Fig. can, Fig 68. 


4, in which the current from the plate a, ta the plate ¢, always passes in 
the same direction, 

Pixii’* and Saxton’s electromagnetic machine differs from Clarke’s in 
having the electromagnet fixed while the magnet rotates. 

Wheatstone has recently devised a compendious form of the maynetos 
electrical machine, for the purpose of using the induced spark in firing 
imines (73) 

834. Magneto-ctoctrical machine,—The principle of Clarke’s ap- 
paratus has received in the last few years a remarkable extension in large 
Magneto-electrital machines, by means of which mechanical work is 
tranaformed into powerful electric currents by the inductive action of 
snagnets on bobbins in motion, 

The first machine of this kind was invented by Nollet, in Brussels, in 
4850; this has been greatly improved by Van Malderen, who has also 
applied it to electrical illumination. 

‘This machine is represented in fig. 690, as it stands in a.workshop at 
the Hotel des Invalides, in Paris, whero it was constructed. One of 








which eight series of five powerful horse-shoeanagnetic batteries, A, Ay) 
are arranged in a parallel order on wooden crosspicces. fee | 
each of which can support from 120 to 136 pound, are so arranged that 

if they are considered either parallel to the axis of the hawt, olay 
perpendicular to this axis, opposite poles always face one another. 
cach series the outside batteries consist of three 

while the three middle ones have six plates, because they act by both 
faces, while the first only acts by one. 


On a horizontal iron axis going from one end to the other of the fame 
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four bronze wheels are fixed, each corresponding to the Intervals between 
the magnetic batteries of two vertical series. There are 16 bobbins on 
| the circumference of each of these—that is, as manyas there are magnetic 
[poles in each Vertical series of magnets. These bobbins, represented in 
fig. 692, differ from those of Clarke’s apparatus in baving, instead of a 
| single wire, #2 wires each, 114 yards in length, by which the resistance i 
diminished. The coils of these bobbins are insulated by means of 
[bitumen dissolved in oil of turpentine. These are not rolled upon solid 
ejlinders of iron, but on two iron tubes, slit longitudinally; this device 
[renders the magnetisation and demagnetisation more rapid when the 
bobbins pass in front of the poles of the magnet, Further, the discs of 
| copper which terminate the bobbins are divided in the direction of the 
radius, in arder to prevent the formation of induced currents in these 
discs. ‘The four wheels being respectively provided with 16 bobbins each, 
there are altogether 64 bobbins arranged in 16 horizontal series of four, 
as seen at D, on the left of the frame, The length of the wire on each 
bobbin being 12 times tr yards, or 138 yards, the toral length. in 
the whole apparatus is G4 times 138 yards, or 8,832 yards, 

‘The wires are coiled on all the bobbins in the same direction, and not 
only oa the same wheel, but on all four, all wires are connected with one 
another. For this purpose the bobbins are joined, as shown in fig. 
Got; on the first wheel the twelve wires of the first bobbin, x, are con 
nected on a piece of mahogany fixed on the front face of the wheel with 
a plate of copper, my, connected by a wire, O, with the centre of the axis 


+, 
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which supports the wheels. At the other end, on the other face of the 
‘wheel, the same wires are soldered to a plate indicated by a dotted line 
Which connects them with the bobbin y; from this they are connected 
with the bobbin = by a plate, #, and so on, for the bobbins ¢ #... up to 
the last, #. The wires of this bobbin terminate in a plate, w, which 
[sraverses the first whecl, and is soldered to the wires of the first bobbin 
‘of the next whccl, on which the same series of connections is repented ; 
these wires pass to the third wheel, thence to the fourth, and s0 on, to the 
end of the axis. 
‘The bobbins being thus arranged, one alter another, like the elements 
fof a battery connected in a series (759), the cleetricity has high tension. 
Mut the bobbins may also be arranged by connecting the plates alternately, 












bobbins, and moves the whole system 
rience has shown that to obtain the 


successively in front of sixteen poles altern: 
are magnetised eight times in one direction, 

opposite direction. In the same time a 

bobbin eight direct induced currents and 

in all, sixteen currents in each revolution, With a velocity of 235 tums 
in a minute, the number of currents in the same time is 235 = 16=376 
alternately in opposite directions. ‘The same phenomenon is produced 
with each of the 64 bobbins; but as they-are all coiled in the same direc 
tion, and are connected with each other, their effects accumulate, and 
there is the same number of currents, but they are more intense. 

To utilise these currents in producing an intense electric light, the 
communications are made as shown in fig. 693. On the posterior side 
the last bobbin, 2’, of the fourth wheel terminates by a wire, G, on 
the axis MN, which supports the wheels : the current is thus conductal 
to the axis, and thence over all the machine, so that it can be taken from 
any desired point. In the front the first bobbin, 2, of the first wheel 
communicates by the wire O, not with the axis itself, but with a sted 
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cylinder, ¢, fitted in the axis, from which, however, it is insulated by an 
ivory collar. The screw ¢, to which the wire O is attached, is likewie 
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‘by a piece of ivory, From the cylinder ¢ the current passes to 
fixed metallic piece, K, from which it passes 10 the wire H, which 
mits it to the binding screw @ of fig- 690. The binding screw > 
Communicates with the framework, and therefore with the wire of the last 
bobbin, < (fig. 693). From the two binding screws and 4 the current 
is conducted by means of two copper wires to two charcoals, the distance 
bf which is regulated by means of an apparatus analogous in principle to 
What already described (767). . 

In this machine the currents are not rectified so as to be in the same 

Wirection ; hence each carbon is alternately positive and negative, and in 
(Get they are consumed with equal rapidity, Experiment has shown that, 
when these currents are applied to produce the electric light, it is not 
necessary they should be in the same direction ; but when they are to be 
teed for electrometallirgy, or for magnetising, they must be rectified, 
Which is effected by mcans of a suitable commutator. 

‘The light produced by the magneto-clectrical -machine is very intense ; 
| sith a machine of four wheels the tight obtained is equal to that of 150 

‘See lamps. A machine of six wheels gives a light equal to 200 Carcel 
Ps. 

Sesrin has constructed a new regulator for this light, which, like the 
older ones, brings the charcoals together in proportion as they become 
ted ; and further removes them when they are in contact. It contains 
ho clockwork motion, and is worked by the weight of one of its picces, 

This light, which requires no other expenditure than that of a single 
horse-power to turn the coils when there are not more than four of them, 
% advantageously used for signalling by night on large vessels, and for 


‘One of these, constructed by Holmes, is now in use at the South Fore- 
Jand lighthouse. 

855. Siemens’ armature,— Siemens has devised an armature or 
bobbin for magneto-electrical machines, in which the insulated wire is 
sound longitudinally on the core, instead of transversely, as {s usually the 
case. 

It consists of a soft iron cylinder, AR (fig. 694), from one foot to three 
foot in length, according to circumstances. 

A deep groove is cut on the outer length of this core and on the ends, in 
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which is coiled the insulated wire as in a multiplier. To the two ends of 
he cylinder brass dises, E and D, are secured. With E is connected a 
Sommutaror,C, consisting of two pieces of steel insulated from each other 
sand connected respectively with the two ends of the wire. On the other 


made to rotate rapidly between the 
‘as the segments A and B become 
tised, their induction produces in thie 
positive and negative, as in Clarke’ 
currents are collected in a commuts 
all the positive currents on one sp 
these springs become electrodes, fron 
starts and from the other negative, 
conductor, the same effects are 
battery are united. 3 
Siemens has constructed mage 
armature is utilised. It has the gre t 
smal! magnets may be used instead of one larg 
weight, the former possesses greater magnetic force ner the feter, they 
can be made more economically, And as the armature is alwis 


constructed a magneto-electrical machine, in which Siemens? armature i 
used along with a new principle—that of the multiplication of the current 
Instead of utilising directly the current produced by'the induction of 4 

Mr, Wild’ passes it into a strong electromagnet, and by the ie 
duction of this latter a more energetic current is obtained. 

This machine consists first of a battery of 120 46 magnets, each o 
which weighs about 3 pounds, and can support about 20 pounds, Betwees 
the poles of themagnets two soft iron keepers CC, are arranged, separate! 
by a brass plate, O. These three pieces are joined by bolts, and the whole 
compound keeper is perforated longitudinally by a cylindrical eayity, i 
which works a Siemens’ armature, #, about 2 inches in diameter, Th 
wire of this armature terminates in a commutator, which leads the positive 
and negative currents to two binding screws, aand 6. ‘This commutator 
is represented on a larger scale in fig. 697. At the other end is a pulley 
by which the armature can be turned at the rate of 25 turns in a second 
‘The wire on the armature is 20 yards long. 

Below the support for the magnets and their armatures are two large 
electromagnets, BB. Each consists of a rectangular soft iron plate, 3 
inches in length by 26 in breadth and 14 inch thick, on which are coed 
about 1,600 fect of insulated copper wire. The wires of these electro- 
magnets are joined at oneend, so as to form a single circuit of 3,200 feet. 
One of the other ends is connected with the binding screw a and the 
other with 4. At the top the two plates are joined by a transverse plate 
of iron so as to form a single electromagnet 
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At the bottom of the electromagnets 1113 are two tron armatures separated. 
‘@ brass plate, O, and in the entire length is a cylindyical chastel im, 
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Fig. Gos 


) Sehore a yard in length, nearly 6 inches in diameter, and its wire is 190 
Sp Tong, The ends are connected with a commutator, from which the 
Peadjosted currents pass to two wires, rand sz, Thearmature m is rotated 

“tt abe sate of 1,700 turns ina minure. 
Fig. 696 shows on a larger scale a cross section of the bobbin ne of 


|) eich works a Siemens’ armature as above: this armature, however, is 






















Rakoborg: "s Coil: oe ae 
red with silk, but each individual coil is separated from the rest by 4 
‘of melted shellac. ‘The length of the secondary wire varies 
some of Rubmkorif's largest sizes it is as much as 6o miles, ih 
great lengths the wire is thinner, about jmm. Thi 
the wire the greater the fenséow of the induced electricity. 
‘The following is the working of the apparatus. The current arriving 
y the wire P ata binding screw, a, passes thence into the commutator 
to be afterwards described (fig. 704), thence by the binding screw > 
the primary wire, where it acts inductively on the secondary wire 
| traversed the primary wire, it emerges by the wire s (fig. 705). 
the direction of the 
it will be seen that the 
it ascends in the bindis 
#, reaches an oscillating 
of iron, ¢, called the Aane 
4 descends bythe anvil h, 
passes into a copper plate, 
Swhich takes it to the commu- 
C. Ik goes from there to 
he binding screw ¢, and finally 
athe negative pole of the bat 
ay by the wire N. 
‘The current in the primary 
fire only acts inductively on 










Fig. op 
he secondary wire (820), when it opens or closes, and hence must be 


fonstantly interrupted. This is effected by means of the oscillating 
lamer ¢ (fig. 803). In the centre of the bobbin is a bundle of soft iron 
fe, forming together a cylinder a little longer than the bobbin, and 

Bus projecting at the end as secn at A. When the correat passes in the 
brimary wire, this hammer o is attracted ; but immediately, there being 
40 contact between o ay 4, the current is broken, the magnetisation 
eases, and the hammer falls ; the current again passing, the same serics 
f phenomena recommences, so that the hammer oscillates with great 


$40. Condenser — In proportion as the current passes thus intermittently 
§ the primary wire of the bobbin, at each interruption an induced 
Brent, alternately direct and inverse, is produced in the secondary wire. 
Yat as this is perfectly insulated, the induced current acquires such an 
as to produce very powerful effects. Fizeau has increased this 
ptensity still more by interposing a condenser in the primary circuit. 
{s constructed by Ruhmkorff for his largest apparatus, this consists of 150 
freets of tinfoil about 18 inches square, so that the total surface is about 
§ square yards. These sheets being joined, are fastened on two sides of 
and of oiled silk, which insulates them, forming thus two coatings ; 
iy are then coiled several times round each other, another band of silk 
interposed, so that the whole can be placed below the helix in the 

‘of the apparatus One of these coatings, the positive, is connected 

th the Binding screw 4, which receives the current on emerging from 


the bobbin ; and the other, the 
sscrew m, which communicates b 
and with the battery. 
E983 unteeona the effect of the: n 
break ie inducing current f 
samie direction, which, ie Be 


tion, It is this extra current} 


- rposiny. { 
ducing cifcuit, the extra current, instead of prod 
darts into the condenser; the positive el 

ted with #, and the negative in one! 


intense. The binding screws mr and ¥ 
the base of the apparatus are for receiving: 
this extra current. 

The commutator or Rey serves wo Tweak 
contact or send the current in either dine 
tion. The section in fig. 704 is entirely 
brass, excepting the core A, which is ebonite; on the two sides arc tw 
brass plates, CC’. Against these press two elastic brass springs, joined tt 
two binding screws, @ and ¢ with which are also connected the de 
trodes of the battery. The current arriving at @ ascends in C, thentt 
by a screw y it attains the binding screw and the bobbin: then Mm 
turning by the plate K, which is connected with the hammer, the cure! 
goes to C’ by the screw x, descends to ¢, and rejoins the battery ly the 
wire N. If by means of the milled head the key is turned 180 degiee 
it is easy to see that exactly the opposite takes place ; the cums 
reaches the haminer by the plate K and emerges at 4. Finally.if # 
is only turned through 90 degrees, the elastic plates rest on the ebenit= 
A instead of on the plates CC’, and the current is broken, 

‘The two wires from the bobbin at 9 and o” (fig. 702) are the two endl 
the secondary wire. They are connected with the thicker wires PP’. 
that the current can be sent i any desired direction. With large cull | 
the hammer cannot be used, for the surfaces become so much heated a 
to melt, But M. Foucault has recently invented a mercury internigtt 
which is free from this inconvenience, and which is an important 1 
provement. 

S41. Mileets produced by Rubmkorfi's coil.—The high degree of 
tension which the electricity of induction coil machines possesses bat 
long been known, and many luminous and calorific effects have bes 
obtained by their means. But it is only since the improvements which 
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‘effects af the coil, like those of the battery, may be classed under 
~ lumanous, mechanical ; with 
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effects of Ruhinkorif’s coil are also very remarkable, and 
according as they take place in air, in vapour, or in very rarefied 
LL 














Geisster’s Tubes. 


In this experiment ft follows from the discontinulty of the current of 
induction, that the light is not continuous, but consists of a series of dis- 
charges which are nearer cach other in proportion as the hammer a (fig. 
“723 cesta more rapidly, The zoncs appear to possess a rapid gyratory 
tery motion M, Quet considers this as an optical illusion ; 

it farmer Is slowly moved by the hand, the zones appear very 


othe ght orihe positive pole is mast frequently red, and that of the 
ape pole violet. ‘The tint varies, however, with the vapour or gas in 


Despretz has observed that the phenomena obtained by Ruhmkorft 
pain oen Quet, with a discontinuous current, are also reproduced with an 
ordinary continuous current, with this important difference, that the con- 
tinuows current requires a considerable number of couples, while the discon~ 
tinuous current of the coil only requires a single element. It is remarkable 
that the luminous effects of this coil are very little increased by an increase 
in the number of clements. 
\3- Getssier’s tabes.—The brilliancy and beauty of the stratification 
‘of the electric light are most remarkable when the discharge of the Rubm- 
korf’s coil takes place in glass tubes containing a highly rarefied vapour 
or gas These phenomena, which have been investigated by Masson, 
Grove, Gassiot, Pliicker, etc, are produced by means of sealed glass tubes 
constructed by Geissler, of Bonn. These tubes are filled with different 
gases or vapours, and are then exhausted, so that the pressure does not 
half a millimeter. At the ends of the tubes two platinum wires 

are soldered into the glass. 

‘When the two platinum wires are connected with the ends of a Ruhm- 
korff’s coll, magnificent lustrous strim, separated by dark hands, are pro 
duced all through the tube. These strim vary in shape, colour, and lustre 
with the degree of the vacuum, the nature of the gas ar vapour, and the 
dimensions of the tube. The phenomenon has occasionally a still more 
brilliant aspect from the fluorescence which the electric discharge excites 
in the glass. 

Fig. 712 represents the stri given by hydrogen under half a milli- 








Fig 7 


meter of pressure; in the bulbs the light is white, in the capillary parts 
ie is red. 
Fig. 713 shows the strie in carbonic acid under a quarter of a millimeter 
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‘This apparatus consists of a glass globe or electrical egy (fig. 715), PEO 
vided at one end with two stopcocks, one of which can be screwed on the 
air pump, and the other, which is a stopcock like that of Gay Lussac (354), 
‘serves to Introduce a few drops of liquid into the globe. At the other 
‘end’ a tubulure is cemented, through which passes a rod of soft iron 
‘about $of an inch in diameter, the top of which is about the centre of 
the globe. Excopt at the two ends, this bar is entirely covered with 
a very thick insulating layer of shellac, then with a glass tbe also 
‘coated with shellac, and finally with another glass tube uniformly coated 
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with a layer of wax. This insulating layer must be at least ? of an 
inch thick, Inside the globe the insulating layer is surrounded at x 
‘with @ copper ring connected by means of a copper wire with a binding 
screw, «, 

‘The vessel having been exhausted as completely as possible, a few 
drops of ether or of turpentine are introduced by means of the stop 
cock wt; it is again exhausted, so that the vapour remaining is highly 


rarefied. 
‘A thick disc of soft iron, 0, provided with a binding screw, is then. 
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Foucault has recently made a remarkable experiment by means of the 
pparatus represented in fig. 716. It consists of a powerful electromagnet 
xed horizontally on a table. Two pieces of soft iron, A and B, are in 
ntact with the poles of the magnet, and becoming magnetic by induc- 
‘on, they concentrate thelr magnetic inductive action on the two faces of 
metallic disc, D; this disc, which is of copper, is 3 inches in diameter, 
fd a quarter of an inch thick, partly projects between the pieces A and 
j, and can be moved by means of a handle and a series of toothed 
theels with a velocity of 150 to 200 turns in a second, 

So long as the current does not pass through the wire of the electro: 
tagnet, very little resistance is experienced in turning the handle, and 
‘hen once it has begun to rotate rapidly, and is left to itself, the rotation. 





Fig. ref 


sntinues in yirtue of the acquired velocity. But if the current passes, 
te disc and other pieces stop almost instantaneously ; and if the handle 

tuned considerable resistance is felt. If, spite of this, the rotation be 
pntinued, the force used is transformed into heat, and the disc becomes 
gated to a remarkable extent, In an experiment made by M. Foucault 
le temperature of the disc rose from 10° to 61°, the current being formed 
three of Bunsen's clements ; with six the resistance was such that the 
Htation could not long be continued. 
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‘now coloured, aind if the analyser be turned from left or right, according 
to the direction of the current, the light passes through the. different 
tints of the spectrum, as is the case with plates of quartz cut perpendicu- 
larly to the axis (622). Becquerel has shown that a large number of 
substances can also rotate the plane of polarisation under the influence 
of powerful magnets, Faraday assumes that in these experiments the 





rotation of the plane of polarisation is due toan action of the 
fon the luminous rays, while Biot and Becquerel ascribe the phenomena 
{oa molecular action of the magnet on the transparent bodies submitted 
to its influence, 

847. Diamagnetiam.—Coulomb observed, in 1802, that magnets act 
upon all bodies in a more or less marked degree ; this action was at first 
attributed to the presence of.ferruginous particles. Brugmann also found 
that certain bodies, for instance, bars of bismuth, when suspended bes 
tween the poles of a powerful magnet, do not set axially between the 
poles, that is, in the line joining the poles, but epuatorially, or at right 
‘angles to that line. This phenomenon was explained by the assumption 
that the bodies were transversely magnetic. Faraday made the impor- 
tant discovery in 1845 that all solids and liquids are either attraeted or 
repelled by a powerful electromagnet. The bodies which are attracted 
are called magnetic or paramagnetic substances, and those which are 
repelled are dlamagaetic bodies. Among the metals, iron, nickel, cobalt 
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manganese, platinum, cerium, osmium, and palladium are magnetic; 
while bismuth, antimony, zinc, tin, mercury, lead, silver, copper, gold 
and arsenic are diamagactic, bismuth being the most so and arsenic the 
Jeast. The diamagnetic effects ean only be produced by means of very 
i magnets, znd it is by means of Faraday’s apparatus that they 
wwe been discovered and studied. In experimenting on the diamagnetic 
‘effects—sclids, liquids, and gases—armatures of soft iron, S and Q, 
(figs. 709-702) of different shapes are screwed on the magnets. 
© 5, Diamagnetism of solids, 1f » stall cube of copper suspended Ly 
a fine silk thread between the poles of the magnet (ig. 701), be in rapid 
yotation between the poles of an clectromagnet, it stops the momert the 
current passes through the bobbins. If the moveable piece have the 
form of a small rectangular bar it sets epwatertally, o at right angles ta. 
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730 Dynamical Electricity, [ei 


the axis of the bobbins, if it is a diamagnetic substance, such as bismuth 
antimony, or copper ; but axda//y, or in the direction of the axis, tina 
magnetic substance, such as iron, nickel, or cobalt, 

Besides the substances enumerated aboye, the following are diamag 

netic : rock ctystal, alum, glass, phosphorus, sulphur, sugar, bread; and 
the following are magnetic: many kinds of paper and sealing. 
fluorspar, graphite, charcoal, ete, 

ii, Diamagnetism of liguids. Liquids also npring the phenomens 
magnetism and of diamagnetism. In making the experiment, very thie 
glass tubes filled with the substance are SEH ‘between the poles 
instead of the cube m int lf the liquids are magnetic, such 
as solutions of iron or coww ot axially 3 if parses os 
water, alcohol, ether, essence ne, and 
the tubes set equatorially. 

Very remarkable changes ta! 
diamagnetic substances when \ 
substance is indifferent in 29 
‘equatorially in a stronger mi 
which is less strongly magne 

A diamagnetic substance surrounaea by a magnetic or diamagnetic 
substance sets equatorially. According to its composition, glass is some 

nes magnetic and sometimes diamagnetic, and as in these investigations 
glass tubes are used for containing the liquids, its deportment must fs 
be determined, and then taken into account in the experiment. 

The action of powerful magnets on liquids may also be observed in the 
following experiment devised by Pliicker. A solution of a magnetic liquid 
is placed on a watch glass between the two poles, S and Q, of a powerful 
electromagnet. When the current passes, the solution forms the enlarge- 
ment represented in fig. 720 5 this continues as long as the current passes, 
and is produced to different extents with all magnetic liquids. The 
changes in the aspects of the liquids are, however, so small as to require 
careful scrutiny to detect their existence. A method of magnifying these 
changes so as to render them visible to large audiences, has recently been 
devised by Mr. Barrett. A source of light is placed above the watch glass 
containing a drop of the solution to be tried. Below the watch glass, and 
between the legs of the magnet, is placed a mirror at the angle of 45°. By 
this means the beam of light passing through the watch glass is reflected 
at right angles on to a screen, where an image of the drop is focussed by 
alens. If now a drop of a diamagnetic liquid, such as water, or better 
sulphuric acid, be placed on the watch glass, as soon as the current passes, 
the flattened drop retreats from the two poles, and gathers itself up into 
a little heap, as at A (fig. 720). So doing it forms a double convex lens, 
by which the light is brought to a short focus below the drop, an effect. 

instantly seen on the screen. When the current is interrupted the drop 
falls, and the light returns to its former appearance. A magnetic liquid, 
such asa solution of perchloride of iron, has exactly the opposite effect. 
‘The drop attracted to the two poles becomes flattened, and instead of a 
plano-convex shape, at which it rests, it becomes nearly concavo-convex, 





aes 
sat B. ‘The light is dispersed, and the effect manifest on the screen. 
fin amor nnd lena eet of white paper mye placta in 
under the watch glass, and the effects are somewhat 
Ee but equally well pronounced. 

iil, Diamagnetiim of gases. Bancalari observed that the flame of a 
fandle placed between the two poles in Faraday’s apparatus was strongly 
repelled (fig. 718). All flames present the same phenomenon to different 
extents, resinous flames or smoke being most powerfully affected. 

‘The magnetic deportment of gases may be exhibited for lecture pur- 
Poses by inflating soap bubbles with them between the poles of the 
fee and projecting on them either the Time or the electric 

Faraday bas experimented on the magnetic or diamagnetic nature of 
gases. He allowed gas mixed with a small quantity of a visible gas or 
Vapour, so as to render it perceptible, to ascend between the two poles 
pf a magnet, and observed their deflections from the vertical line in the” 
axial or equatorial direction ; in this way he found that oxygen was least, 
nitrogen more, and hydrogen most diamagnetic. With iodine vapour, 
produced by placing a little iodine on a hot plate between the two poles, 
the repulsion is strongly marked. Becqueeel, who has made important 

on magnetism, has found that oxygen is most strongly mag~ 
netic of all gases, and that a cubic yard of this gas condensed would act 
on a magnetic needle like 5°5 grains of iron. Faraday has found that 
oxygen, although magnetic under ordinary circumstances, becomes dia- 
faagmetic when the temperature is much raised, and that the magnetism 
or diamagnetism of a substance depends on the medium in which it is 
‘A Substance, for instance, which is magnetic jn vacuo, may 
diamagnetic in air, 

In the crystallised bodies which do not belong to the regular system, 
the directions in which the magnetism or diamagnetism of a body is most 
pasily excited, are generally related to the crystallographic axis of the 
fubstance. The optic axis of the uniaxial crystals sets either axially or 
pquatorially when a crystal is suspended between the poles of an electro- 
magnet, Faraday has assumed from this the existence of « imagneto- 
crystalline farce, but it appears probable from Knoblauch's researches, 
fikat the action arises from an unequal density in different directions, in- 
ksmuch as unequal pressure in different directions produces the same 


According to Plucker, for a given unit of magnetising force, the specific 
Jnagnetisms developed in equal weights of the undermentioned substances 
kre represented by the following numbers, those bodies with the minus 
fign prefixed being diamagnetic:— 





Tron. . . . 1,000000 Nickeloxide , . » 287 
Cobalt . . . 100900 Water. . « . =3§ 
Nickel . . . 465,800 Bismuth: .  . , —336 


Tronoxide 9. 759 Phosphorus... =13't 
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iv. Detonation froducal ip th radar arrears ia 
of @ powerful electromagnet, The following experiment devised by 
Ruhmkorff is a remarkable effect of Faraday’s apparatus. ‘When the tre 
ends of a stout wire in which the current of the passes are 
placed between the two poles, S and Q, igi rat ee wher 
the current is closed between S and Q, this closing takes without « 
spark and without noise, or merely a feeble noise and = spark, But whet 
the two ends are separated, and the current is hence broken, a violent 
noise is heard almost as strong as the report ofa pistol. It Pidbearians! 
to be the extra current, the intanci~ =f hich is greatly increased by the 
influence of the two poles 





cH nut. 
THERMO- DURRENTS, 
$48, Therme-clectricity.—| afessor Seebeck, in Berlin, found 


that by heating one of the junctwa. v — etallic circuit, consisting of two 
metals soldered together, an electric current was produced. ‘This phe- 
nomenon may be shown by means of the apparatus represented in fg 
721, which consists of a plate of copper, #m, the ends of which are best 











Fig. 721 


and soldered to a plate of bismuth, op. In the interior of the circuit isa 
magnetic needle moving on a pivot. When the apparatus is placed in 
the magnetic meridian, and one of the solderings gently heated, as shown 
in the figure, the needle is deflected in a manner which indicates the 
passage of a current from » to m, that is, from the heated to the cool 
junction in the copper. If, instead of heating the junction », it is cooled 
by ice or by placing upon it cotton wool moistened with ether, the other 
junction remaining at the ordinary temperature, a current is produced, 
but in the opposite direction ; that is to say, from m to #. In both cases 
the current is more energetic in proportion as the difference in tempera- 
ture of the solderings is greater. 
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— ee ee sertes.—If small bars of two different metals 
soldered together at one end while the free ends are connected with 
coe of a galvanometer, and if now the point of junction of the two 


be heated, a current Is produced, the direction of which is indi 
jated by the deflection of the needle of the galvanometer. Moreover, 
he intensity of the current calculated from the defiection of the galva. 
(ometer is proportional to the electromotive force of the /Aermo-element, 
by experimenting in this way with different metals, they may be formed 
fa list such that each metal gives rise to positive electricity when asso- 
fated with one of the following, and negative electricity with one of those 
hat precede ;—that is, that in heating the soldering, the positive current 
oes from the positive to the negative metal across the soldering, just as 
tthe asitecing 3 represented the liquid in a hydro-electrical elemént ; hence 
at of the clement, in the connecting wire in the galvanometer for instance, 
be current goes from the negative to the positive metal. 

‘Thus a couple, bismuth-antimony, heated at the junction would carre- 
pond to a couple, zinc-copper, immersed in sulphuricacid. ‘The following 
a Bist dfawn up from Dr, Matthiessen’s researches, which also gives 
bmparatire numetical values for the electromotive force, 








Bismuth 2. +85 Gascoke 5. + 
ere ae go unc 4 ih 

Poussium .  . + 55 © Cadmium Ne 

Nid. 2 2 § Strontium. 

Sodiuin ert Amenic . . s 

Lead . ros Te SA 

ltd wa- « % Red phosphorus. 

Ce a Antimony. . 

Platinum |. oy = Tellurium. -? 

Siler. . vo Selenium... 2900 





The meaning of the numbers in this list is that, taking the electromo- 
ive force of the copper-silver couple as unity, the electromotive force of 
iny pair of metals is expressed by the difference of the numbers where 
he signs are the same and by the sum where the signs are different. 
Thus the electromotive force of # bismuth-nickel couple would be 25—5 
#20; of a cobalt-iron 9—(—5'2)=14-2, and of an iron-antimony—*2 
-g@=—4°. Where the positive sign is fixed, the current is from the 
ther metal to silver across the soldering ; and where the negative from 
ilver to that metal. 

Hence of these bodies, bismuth and selenium produce the greatest 
lectromotive force ; but from the expense of this latter element, and on’ 
ecount of its low conducting power, antimony is generally substituted. 
‘he antimony is the negative metal but the positive pole, and the bis 
quth the positive metal but the negative pole, and the current goes from 
ismuth to antimony across the junction. 
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fused salt to the colder one. Hot and cold water in contact produce a 
furrent which goes from the warm water to the cold. 
‘Svanberg has found that the thermo-electromotive force is influenced 
dy the crystallisation ; for instance, if the cleavage of bismuth is parallel 
jo the face of contact, itis greater than if both are at right angles, and 
[hat the reverse isthe case with antimony. Thermo-electric elements may 
be constructed of either two pieces of bismuth or two pieces of antimony, 
f in the one the principal cleavage is parallel to the place of contact, 
ind in the other is at right angles. Hence the position of metals in the 
jhermo-electric series is influenced by their crystalline structure. 
‘S51, Thermo-etectric couples.—From what has been said it will be 
inderstood that a thermo-electric couple 
jonsists of two metals soldered together, 
he two ends of which can be joined by 
(conductor. Fig. 722 represents a bis- ¢ Fy le 
A 








puth-copper couple; fig. 723 represents 
{ Series of couples used by M, Pouillet. 
[t consists of a bar of bismuth bent twice °° 
it right angles, at the ends of which are ~ 
joldered two copper strips, ¢, d, which 
erminate in two binding screws fixed on 
‘ome insulating material. 
‘When several of these couples are 
pined £0 that the second copper of the 
(est is soldered to the bismuth of the 
econd, then the second copper of this Ya. 20 
the bismuth of the third, and so on, this arrangement constitutes a 
hermo-electric battery, which is worked by keeping the odd solderings, 
br instance, in ice, and the even ones in water, which is kept at 160%, 
852. Mobili’s thermo-electric pite— Nobili devised a form of thermo- 
Tectric battery, or pile as it is usually termed, in which theré are a large 





Fig 7 


umber of elements in avery small space, For this purpose he joined 
se-couples of bismuth and antimony in such a manner, that after baving 
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formed a series of five couples, as represented in fig. 725, the bismath 

from 6 was soldered to the antimony of a second series arranged similedy; | 
the last bismuth of this to the antimony of a third, and se em for foe 
vertical series, containing together 20 couples, commencing by antimony, 

finishing by bismuth. ‘Thus arranged, the couples are insulated fre tee 

another by means of small paper aad covered with varnish, and | 

. en enclosed in a copper frame, 

Cra paloe teecesin eabiarees 

. appear at the two ends of the pile 

‘Two small copper binding-screes 

mand w, insulated i in an ivery ning, 
communicate in the interior, see 

with the first antimony, representing 

= the positive pole,and the other with 

‘the last bit the 


negative pole. binding 
screws communicate with the ec 
tremities of a galvanometer vite 
when the thermo-electric current Is to be observed. 

853. Becquerel's thermo-electric battery.—Becyucrel has found thet 
artificial sulphuret of copper heated from 200" to 300" is powerfully 
positive, and that a couple of this substance and copper has an elestr> 
motive force nearly ten times as great as that of the bismuth and Gxed 
couple in fig. 722, Native sulphuret, on the contrary, |s powerfully sce 
tive. As the artificial sulphuret only melts at about Toss may od 
at very high temperatures. The metal joined with it is German silett 
(90 of copper and 10 of nickel), Fig. 7b ropresents the arrangement # 
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a battery of 50 couples arranged in two series of 25, Fig. 728 gives On * 
larger scale the view of a single couple, and Sg, 727 that of 6 couples it 

two series of 3. The sulphuret is cut in the form of rectangular prisat 

10 centimeters in length, by r3mm. in breadth, sad ae Tamm. ore In 

front is a plate of German silver 9, intended to protect ‘the sulphuret 
es SS = 
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roasting when it is placed in a gas flame. Below there is a plate of 
German MM, which is bent several times so as to be joined to the 

| silpharet of the next, and so on. The couples, thus arranged in two 
"series of 25, are fixed to a wooden frame supported by two brass columns 
__ A.B, on which it can be more or less raised. Below the couples there is 
| @ brass trough, through which water is constantly flowing} arriving by 










Fig. 197. 





the tube and emerging bythe stopcock r. “The plates of German silver 
‘are thus kept at a constant temperature. On each side of the trough are 
two long burners on the Argand principle fed by gas from a cadutchoue 
tube, a. The frame being sufficiently lowered, the ends are kept at x 
Temperature of 200° to 300% For collecting the current, two binding 
serews are placed on the left of the frame, one communicating with the 
first sulphuret, that is, the positive pole, and the other with the last 
‘German silver, or the negative pole. At the other end of the frame are 
two binding screws, which facilitate the arrangement of the couples in 
elifferent ways, 

© ‘The curfent of this battery may be used for telegraphing at”a great 
distance, and passed into an electromagnet can lift a weight of 200 
pounds. It can raise a short piece of fine iron wire to redness, and freely 
decomposes water, The electromotive force of a Daniell's cell is equal 
to about 8 or g of these couples. * 

‘854. Mellent’s thermomultipiter,—We have already noticed the use 
which Melloni has made of Nobili’s pile, in conjunction with the galvae 
nometer, for measuring the most feeble alterations of temperature, The 
arrangement he used for his experiment is represented in fig. 729. 

‘On a wooden base, provided with levelling screws, a graduated copper 
tule, about a yard long, is fixed edgeways. On this rule the various parts 
composing the apparatus are placed, and their distances can be fixed by 
means of binding screws. a is a support for a Locatelli's lamp, or other 
source of heat; F and E are screens; C is a support for the bodies 
‘experimented, and w is a thermo-electrical battery. Near the apparatus 
fs a galvanometer, D; this has only a comparatively few tums of a 
tolerably thick (1 mm.) copper wire; for the electromotive force of the 
thermocurrents is small, and as the internal registaace is small too, for it 


— 





y Becquerel's Electrical Thermometer, 789 
5, Meoquorel's electrical thermometer,—This consists of a copper 
fron wire of many yards in length soldered at their ends, but other- 
insulated from each other by being covered with gutta-percha. ‘The 
er wire iscut twice and connected with the binding screws of a 
{ ometér (fg. 730). Onw of the solderings is in the place 
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© temperature Is to be measured. In the figure it Isat Bat the 
fa mast A, and is undemeath 2 hood, which protects it from rain 
‘be sun, but allows air to circulate round it. 

other soldering is immersed in mercurycontained in a glass tube, and 
3 in tum is placed in a larger cylinder C containing ether. On one 
is a very delicate thermometer /, which indicates the temperature of 
ther. By means of a small bellows S, a caoutchouc tube and a glass 
‘& current of air can be sent through the ether, which being thus 
fised is cooled. If, on the contrary, the temperature of the ether is 
tralsed, a tinplate vessel containing hot water is brought near the 
der C 


ese details being known, when the solderings are at the same 
erature no current is produced in the circuit, and the galvanometer 
ins at zero ; but when there {s the least difference in temperature, the 
stion of the galvanometer tells which of these solderings is the 
St. If it is the one which is immersed in the mercury, the bellows is 
bd until the ether being cooled the galvanometer reverts to zero, 





856) Beequerel's Elictriz Pyrometer: “‘Pelticr's Cross. it 
jee, so that, being ‘both at the same temperature, they give rise to no. 


| Freee eee a ee ores ee ee 

@ large galvanometer. It consists of a magnetised bar placed in the 
centre of a copper frame which deadens the oscillations aceon 
lon a stirrup, which in turn is suspended to a long and very fine platinum. 
wire. On the stirrup is fixed a mirror M, which moves with the magnet, 
} oh be bie) iy sled asia mate papertcceanens T 
Eat adistance. ‘These divisions are observed bya telescope. With this 


fects detection Gtheber This angle is always small and should not 
emer care’ this is effected by placing, if necessary, a rheostate 
the cient, or any resistance coil, The angular deflection being 
ees Ecieeatiy; oF ne icinmot: Aad the Geonperatane-o ieeperaiion 
jure deduced from pyrometric tables, These are constructed by inter= 
when the intensities are known, which correspond to two 
res near those to be observed. 
= indications of the pyrometer extend to the fusing point of the 


‘858, Peltier's crows.—Pelticr found that an electric current, in passing 
through 2 conductor, in some cases produces heat, in others cold, He 
Obtained the greatest increase of temperature when the negative current 
passed from a good conductor of electricity to a bad one—for example, 
from copper to zinc; and the least increase when the positive current 

in this direction, But when a bar of bismuth and a bar of 
intimony were soldered together, the temperature of the air sank at the 
toldering when the positive current passed from the first to the second 
etal, and rose in the opposite case. This experiment may easily be 
fade by hermetically fixing in two tubalures in an air thermometer, a 
Jompound bar consisting of bismuth and antimony soldered. together in 
(uch @ manner that the ends project on each side. The projecting parts 
we provided with binding screws, so as to allow a current to be passed 
fhrough. When the positive current passes from the antimony to the 
bismuth, the air in the bulb is heated, it expands, and the liquid in the 
iter sinks ; but if it passes in the opposite direction the air is cooled, it 
jontracts, and the liquid rises mith stem, For this experiment the 
jarrent must havea certain definite strength, which Is found by experi- 
| ie ‘it is best regulated by a rheostat (859). 

‘These oxperiments form an interesting illustration of the principle, that 
thenever the cffects of heat are reversed, heat is produced; and whenever 
he ies ordinarily produced by heat are otherwise produced, cold is the 
osu! > 
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r yards of copper wire of the same diameter as that used, and then we 
have the following relations: 





Length of wire. Tangent of angle of defies 
x yards... eee oa 8 TBR 
FHS we ee eee 8D 
ee a ee 
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If the intensities of the currents are inversely as the resistances—tha 

as the lengths of the circuits—the proportion must prevail, 
4134520849: 1°86; 

from which x=4:11. Combining, in like manner, the other observations, 

we get a series of numbers, the mean of which is 4708. That is, the 

resistance offered by the element and galvanometer is equal ta the resist- 

ance of 4°08 yards of such copper wire. and this is said to be the rédu:v 

length of the element and galvanometer in terms of the copper wire. 

Tt is of great scientific and practical importance to have a wmif or 
standard of comparison of resistances, and numerous such have been pro- 
posed. Jacobi proposed the resistance of a meter ef a special copper wire 
amillimeter in diameter. Copper is however ill adapted for the purpose. 
as it is difficult to obtain pure. Matthiessen has proposed an alloy of 
gold and silver, containing two parts of gold and one of silver : its con- 
ducting power is very little affected by impurities in the metals, by an- 
nealing, or by moderate changes of temperature. 

‘Siemens’ unit is a meter of pure mercury, having a section of a square 
millimeter. It is 0°9536 of an Ohmad or BA unit (861). 

The Farley unit, which is used in telegraphic work, is a standard mile 
of a special copper wire 3s of an inch in diameter. Matthiessen has 
proposed instead of this a mile of pure annealed copper wire 4, in. in 
diameter. 

861. British Association unit of electrical resistance.—The great 
importance, both theoretically and practically, of having some uniform 
standard for the comparison of electrical resistance has for years past 
engaged the attention of a committee of the British Association, which 
includes the principal electricians in this country. Their labours have 
resulted in the adoption of a standard which has received the approval of 
men of science both in this and other countries. The following account 
of this unit, which it is proposed to call the Okmad or Bel unit, has 
been kindly farnished by the secretary to the Committee, Mr. Fleeming 
Jenkin. 

It represents a convenient multiple of the so-called absolute unit of 
electrical resistance. The word ‘absolute’ as here used, does not imply 
accuracy of constraction, but is intended to express that the measurement 
of electrical resistance is made by a unit which bears a definite relation 
to the fundamental units of time, mass, and space only; instead of being 
a mere comparison with the resistance of some particular piece of metal 

MM 
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arbitrarily chosen as the unit, In a similar sense a square foot 
cubic foot may be called absolute units of surface and capacity, an 
and a gallon arbitrary units. 

It seems strange at first that the unit of electrical resistance can 
measured by reference to time, mass, and space only, without 
the specific qualities of any material; but our chief knowledge af; 
phenomena is derived from an observation of mechanical effects, and 
need, therefore, feel no surprise at learning that those phenomena can’ 
measured in purely mechanical units. The voltaic current, 
force, and resistance, quantity, and capacity can all be so measured 
more than one way, The 
determined by the following, 
by a current of strength C, 
being the magnetic strength Je, ‘and K its haces iad 


current, it is found by experi f varies al, so that 










a 
«Typ? Where « is some ¢ if the unit current be that which 
in unit length of circuit exe on a unit pole at unit distance, 
we get «=1, and the equation for \ vecomes 
an F 1 
ai ‘ é 





and C may be measured by the expression cus 3 
Again, for the resistance we get 

ae w - 

a af oe, paige 

where W is the work done in the time ¢ by a current C flowing in « 
circuit of the resistance x, Now, the first equation allows us to measure 
a current in terms of a force f,two lengths K and L, and a magnitude m, 
which again depends on measurements of force and length only, so t 
we here have a current measured in mechanical units in virtue of a ma 
thematical relation between the phenomena produced by the current and 
the mechanical units. It follows from the equation that the unit current 
will be that of which each unit length exerts a unit force on a unit pole at 
unit distance. ‘The second equation, like the first, is deduced from obser- 
vation. ‘The resistance of a circuit is found to be proportional to the work 
done by a current in that circuit, and inversely proportional to the square 
of the current and to the time during which it acts ; any two circuits fot 





which xi is equal have equal resistances ; if this quantity for circuit A 
is double what it is for circuit B, then the resistance of circuit A is double 
that of circuit B. Therefore, we have exactly the same ground for saying 
that QV measures the resistance of the circuit that we have for saying # 


measures the contents of a square with sides equal to @. In equation 2, 
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the work, is essentially a mechanical measurement, for, though gene- 
Observed the form of eat itis by Joules equivalent refered to 
the mechanical unit of energy or work. 


‘Morcover from Ohm's tw C#£ 0, ws 


eetecericns eocroavstive force in terins oF Cand y, and Faraday’ 
“discovery expressed by equation 


Q-cs, 


Qis the quantity of electricity conveyed by the current C in the 
ne f, shows how quantity is measured in the same mathematical series. 
nothing can be simpler than the mathematical conceptices 
‘here javolved, the practical measurement of resistance, of any of 
the above magnitudes, by direct reference to force, work, time, ete, In- 
wolves much labour, so that for each kind of measurement it is necessary 
for practical use to construct a standard which affords the desired mea« 
sure by direct and simple comparison with the thing measured. Thus, 
Frenchiman to measure wine does not work out the cubic contents of & 
Bottle, but measures the number of litres by reference to a standard litre, 
which is a simple decimal submultiple of the cubic metre, In like 
manner practical measurements of resistance are made by comparison 
Wgriths the Obm or BA unit prepared to represent asimple decinal multiple 
{ten million times) the absolute electromagnetic unit ; the metre, the 
gramme, and the second of time were taken as fundamental units by the 
committee, and onc which is approximately equal to 10° metre seconds, 
Great care has been taken in the determination and construction of the 
‘standard, which is represented by several coils of wires of various metals 
and alloys, and by tubes of mercury which have all been adjusted to 
one and the same standard unit, the variety of materials being 
intended as a safeguard against possible alteration in resistance of one or 
are ‘of the coils or tubes. Certified copies of the unit, consisting of coils 
“of platinum-silver wire, are issued by the Committee through their secre- 
tary, Mr. Flceming Jenkin. Similar standards for the measurement of 
currents, clectromotive force, quantity, and capacity will also be issued. 
~The Ohmiacd is 10486 of Siemens’ unit ; that is, it is equal to the re~ 
Sistance of a prism of pure mercury 1 square millimeter in section and 
| 40486 metre in length at the temperature o* 
862, Bquivalent conductors.—The resistance of a conductor depends, 
as we have seen (759), on its length, section, and conductivity. Two 
, C and C’, whose length, conductivity, and section are re- 
gpectively 1X’,« +, © W/, would offer the same resistance, and might be 
| substituted for cach other in any voltaic circuit, without altering. its 


| fntensity, provided that AX; and such conductors are said to be 
Sguivatent to cach other, An example will best illustrate the application 


| of this principle, 
Tes required to know what length of a cylindrical copper wire 4 min, 
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in diameter would be equivalent to 12 yards of copper wire 1 mm. in 
diameter. 

Let A= 12 the length of the copper wire 1 mm. in diameter, and )’ the 
length of the other wire ; then since in this case the Se is the same, 
the conductivity is the same, and the equation becomes * ps Now 
the sections of the wires are directly as the squares of the diameters, and 
a Nor N= 12 16—192, That is, 192 yards of coyper 


wire 4 mm. in thickness would only offer the same resistance as 12 yanié 
of copper wire 1 mm, int 








hence we have 








How thick must an (ch for the same length shall offer 
the same resistance as ¢ mm. in diameter? 

Here the length bei he expression becomes ew =e, 
or since the sections ary res of the diameters, ad®= sé" 
The conductivity of cop, and that of iron 0-138. Hence 
we haye 2°5°=d" xo138 « 10138 =45°3 mm. or @ =67 mm. 
That is, any length of a 2'5 mm. in diameter might be 
replaced by an iron wire 1 ngth, provided its diameter were 


6-7 mm. 

863. Determination of electrical conductivity.— The various methods 
of determining the electrical conductivity of a body consist essentially in 
determining what length of a given section of the known body will offer 
the same resistance as the same length of a metallic wire of a given sec- 
tion taken as a standard of comparison. A description of the principle of 
one of these methods, known as Wheatstonc’s Balance or Bridge, will give 
a general idea of them. 

‘On a base of some hard wood four stout wires are fixed, in the manner 
represented in figure 733, They are provided with binding screws at 





> 
ti 
Fig. 733. 


A, B, C, and D,and there are breaks at a, 5, ¢ d, also provided with 
binding screws, so that any resistance may be introduced there. The 
points A and C are connected with the terminals of a battery, while B 
and Dare connected with a delicate galvanometer. Now it can be shown 
that, if the resistances introduced at a, 8, ¢, d,and which we will desig- 
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s first of all that the resistances are all equal in every respect; 
“aicabate eiores divide, one part would traverse the gal- 


ct rection AcBGD, and the other in the direction AMDGB; 
as both these are equal and opposite in direction, no effect would be 
ced on thegalvanometer; but if the resistances and bare different, 
tensions at B and D will be different, and accordingly a current will 
the galvanometer cither from B to D or from D to B, and the 
be deflected in a corresponding manner. ° If now one of the resist- 

can be varied—if, for instance, ¢ is a rheostat—either by inc: 
ing the amount of wire, the two resistances may be made equal, 
nd then a current ceases to pass. We can then express one resistance, 

@, in terms of c. 

‘Wheatstone’s bridge, however, is more general. [t can be shown 
that no current passes, provided that the four resistances bear to each 
° the ratio a; b=d.c. So that if ¢ for instance, is the resistance 

be determined, by varying the others in a suitable manner the pro- 

ortion can always be obtained. In practice two of them are gene- 

rally fixed resistances of known amount, and the third is a rheostat ; and, 
possible, it is most convenient to take a= 4, in which case d= ec, 

_ The following is a method of determining the internal resistance of an 

= Accircuit is formed consisting of one element, a rheostat and 

-| ter, and the intensity f is noted on the galvanometer. A 
. ‘element is then joined with the first, so as to form one of double 

‘size, and therefore half the resistance, and then by adding a length, /, 
‘of the rheostat wire, the intensity is brought to what it originally was. 
“Phen if E is the electromotive force, and R the resistance of an element, 
y, the resistance of the galvanometer aa the other parts of the circuit 5 


Be 5 is Lo z an El 
the intensity I in the one case is I ; aad inthe other: Jari, 


+ 
‘and since the intensity in both cases is the same, R = 2/, 
Blectrical conductivity.We can regard conductors in two 


an obstacle to the passage of electricity—that isa 
lovercome. A good conductor offers a feeble resistance, and a bad con- 
‘ductor a great resistance. Conductivity and resistance are the inverse of 


‘The conductivity of metals has been investigated by many physicists 
| by methods analogous in general to that described in the preceding para- 
i and very different results have been obtained. This arises mainly 

the different degrees of purity of the specimens investigated, but 
‘molecular condition has also great influence. Matthiessen finds 
difference in conductivity between hard-drawn and annealed silver 

rire to amount to 8-5, for copper 2°2, and for gold 1g per cent. The 
are results of a series of careful experiments by Matthiessen 





= 
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on the electrical conductivity of metals at o° C. compared with silveras 
a standard. 





Silver... 1000 
Copper» » + 999 
Gold’ “a, Se eset 
Aluminium... 560 
Sodium... 37% 
Zinc}. 290 
Cadmium. . 237 
Potassium =... 208 
Platinum 


‘The conductivity of metal. 
The law of this diminution is 


oe : 
where «, and , are the condur and 0° respectively,and « and! 
are Constants, which are pro ime for all pure metals. For ter 
metals investigated by Ma found that the conductivity i» 


expressed by the formula 
K,=K, (1 0'0037647/ + o00000834/). 

Liquids are infinitely worse conductors than metals. ‘The conductivity 
of a solution of one part of chloride of sodium in too. parts of waters | 
sostase that of copper. In general acids have the highest and solutions 
of alkalies and neutral salts the lowest conductivity. Yet, in solutions 
the conductivity does not increase in direct proportion to the quantity a 
salt dissolved. 

The following is a list of the conductivity of a few liquids as compare! 
with that of pure silver. 





Pure silver 3 F 
Nitrate of copper, saturated solution 
Sulphate of copper ditto 
Chloride of sodium ditto 
Sulphate of zinc ditto 
Sulphuric acid, 1-10 sp. gr. 

» on P24 Sp. Br 

” » 140 sp. gr 
Nitric acid, commercial 





Distilled water 





Liquids and fused conductors increase in conductivity by an increase of 
temperature. This increase is expressed by the formula 

ene (14ah, , 
and the values of @ are considerable. Thus, for a saturated solution of 
sulphate of copper, it is 070286. 

By most physicists the conductivity of liquids has been regarded as 2 

purely electrolytic conductivity that is due to chemical decomposition. 
Yet Faraday, in stating his law of electrolytic decomposition, had an- 
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eed that it was subject to certain restrictions in cases in which 
aids could conduct electricity without being decomposed, Foucault 
recently shown by delicate experiments, that liquids have a peculiar 
‘conductivity, a physécat conductivity analogous to that of metals. This 
however, much less than the electrolytic conductivity, but may have 
aa influence on the chemical effects of currents and on Faraday’ 





‘%s, Determination of electromotive force. Wheatstone's method. 
—In the circuit of the element whose electromotive force is to be deter~ 
‘mined, a tangent compass and a rheostat are inserted, the latter being 80 
‘arranged that the intensity I of the current is a definite amount; for 
cxample, the galvanometer indicates 45°. By increasing the amount of the * 
‘theostat wire by the length /, a diminished intensity, ¢ (for instance, 40%), is 
obtained. 


A second standard element is then substituted for that under trial, and 
by arranging the rhcostat, the intensity of the current is first made 
eyal to I, and then, by the addition of / lengths of the rheostat, is made 
- 


_ Then if E and E, are the two electromotive forces, R and alee 10 


sistances when they have the intensity [, and / and /, the lengths added, 
we have 
‘Trial clement. ‘Standard element. 
W= Seed 
R R, % 
| 

j 2B ja Ea 
} Sai 27 "Rah 

from which we have 5 

; E=E,- 


Hence the electromotive forces of the elements compared are directly as 
| the lengths of the wire interposed. 

Another method {s described by Wiedemann, The two elements are 
connected in the same circuit with a tangent galvanometer, or other appa= 
ratus for measuring intensity, first in such a manner that their currents 
in the same direction, and, secondly, that they are opposed, Then if 
electromotive forces are E and E’, their resistances R and R’, the other 

| resistances in the circuits r, while 1, is the intensity when the elements 
‘are in the same direction, and 1, the intensity when they go in opposite 
directions, then : * 








i 866, Siemens’ electrical resistance thermometer.—Supposing in a 
Wheatstone’s bridge arrangement, after the ratio a :dd s¢has been ear 
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tablished, the temperature of one of the coils, ¢, for instance, be increase, 
the above ratio will no longer prevail, forthe resistance of ¢ will have bers 
altered by the temperature, and if d be the theostat, the length of wae 
must be altered so as to produce equivalence. On this idea Siemens his 
based a mode of observing the of places which are disticult of 


temperature is 
directaccess. He places a coil of known resistance in the particular localey 
whose temperature is to be observed; it is connected by means of lane 
conducting wires with the place of observation, where it forms part of + 


Wheatstone's bridge arrangement. The resistance of the coil is known ie 
terms of the rheostat, and by preliminary trials it has been ascertainel 


how much additional wire 1 
in the temperature of the res.s 
paratus adjusted at the ordinat 
resistance coil varies, this varie 
by observing the quantity whic 
to produce equivalence, 

‘This apparatus has been of 
ture of large coils of telegn 
vessels, are very liable to hx 


iced to balance a given increase 
This beng knows, andthe a 
ure, when the temperature of| 

ser direction is at once knows 
proughtin or out of the rheostat 


srvice in watching the tempest 
th, stowed away in the hoid of 
Tt might also be used far the 


continuous and convenient ooservanon of underground and submarine 
temperatures. Ifa coil of platinum wire were substituted for the copper 
the apparatus could be used for watching the temperature of the interiot 
of a furnace. 

867. Derived currents.—In fig. 734 the current from a Bunsen'’s 
element traverses the wire rgpnm : let us take the case in which any two 








Fig. 74 


points of this circuit, « and g, are joined by a second wire, nz. The 
current will then divide at the point g into two others, one of which 
goes in the direction gpm, while another takes the direction gxnm. The 
two points and # from which the second conductor starts and ends are 
called the points of derivation, the wire gpn and the wire gxn are derive! 
wires. The currents which traverse these wires are called the derive 
or partial currents ; the current which travelled the circuit rgpnm before 
it branches is the primitive current ; and the name principal current s 
given to the whole of the new current which traverses the circuit when the 
derived wire has been added. The principal current is stronger than the 
primitive one, because the interposition of the wire gm lessens the total 
resistance of the circuit. 


Sor 


of twice roe hana 
therefore with half the resistance. Hence the current would divide 
‘into two equal parts along the two conductors. 

When the two wires are of the same length but of different sections, 
‘the current would divide unequally, and the quantity which traversed 
each wire would be proportional to its section, just as when a river 
divides into two branches, the quantity of water which passes in each 
‘branch is proportional to its dimensions. Hence the resistance of 
the two conductors joined would be the same as that of a single wire 
‘of the same length, the section of which would be the sum of the two 


If the two conductors gn and gaw are different, both in kind, length, 

| ‘and section, they could always be replaced by two wires of the same kind 
and length, with such sections that their resistances would be equal to the 
‘two conductors ; in short, they might be replaced by equivalent conductors. 

_ These two wires would produce in the circuit the same effect as a single 
wire, which had this common length, and whose section would be the sum 

“of the sections thus calculated. The current divides at the junction into 
| two parts proportional to these sections, or inversely as the resistances of 
the two wires. 

‘Suppose, for instance, gn is an iron wire § metres in length and 3mm 

in section, and gw a copper wire, 
© "The first might be replaced by a copper wire a metre in length, whose 
section would be } x } (taking the conductivity of copper at 7 times that of 
iron) or square mm. The second wire might be replaced by a coppet 
wire a meter in length with a section of J square mm. These two wires 
would present the same resistance as a copper wire meter in length, and 
with a section of gy +3 sf; square millimeters. 

‘The principal current would divide along the wires in two portions, 
which would be as jy 

‘Phe most important laws of divided circuits are as follows 

i. The suns of the intensities in the dizided parts of a circuit is egual to 
the intensity of the principal current. 

ii. The intensitics of the currents in the divided parts of a circuit are tm- 
versely ax thetr resistances ; or, what is the same, the division of a current 
tute parital currents which lie between two points ix directly as the respec 
tive conductivities of these branches. 

‘And as problems on divided circuits frequently occur in telegraphy, 
the following formulae, which include these laws, are given for» simple 


case, 

If Tbe the intensity of the current in the undivided part of the circuit 
ryfnm, and if is the intensity in one branch (sty in the above figure yfm) 
and in gen; if R rand yr, are the corresponding resistances, the 
electromotive force being E, then 





aM 





| 
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The resistance R, of the whole circuit through which the current ci 
calates is 





and therefore the total resistane derived currents gAm and pre is 


CHAPTER X. 


ANIMAL ©! 





ECTRICITY 


868. Muscular eurremts.—The existence of electrical currents 
living muscle was first indicated by Galvani, but his researches fell in 
oblivion after the discovery af the Voltaic pile, which was supposed 1 
explain all the phenomena. Since then, Nobili, Matteucci, and others 
especially, in late years, Du Bois Reymond, have shown that elect 
currents do exist in living muscles and nerves, and have investiga 

+ their laws, 

For investigating these currents it is necessary to have a delicate gal 
vanometer, and also electrodes which will not become polarised or give 
a current of their own, and which will not in any way alter the muse 
when placed in contact with it; the electrodes which satisfy these con 
ditions best are those of Du Bois Reymond, as modified by Donéers. 
Each consists of a glass tube, one end of which is narrowed and stopped 
by a plug of paste made by moistening china-clay with a half per cet 
solution of common salt ; the tube is then partially filled with a saturated 
solution of sulphate of zinc, and into this dips the end of a piece of 
thoroughly amalgamated zinc wire, the other end of which is connected 
by a copper wire with the galvanometer; the moistened china-clay > 
a conducting medium which is perfectly neutral to the muscle, and amal- 
gamated zinc in solution of sulphate of zinc does not become polarised. 

869. Currents of musole at rest.—In describing these experiments 
the surface of the muscle is called the mafural longitudinal section ; the 
tendon, the natural transverse section ; and the surfaces obtained by 
cutting the muscle longitudinally or transversely are respectively the 
artificial longitudinal and artificial transverse sections, 

Ifa living irritable muscle be removed from a recently killed frog, and 
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the clay of one electrode be placed in contact with its surface, and of 
the other with its tendon, the galvanometer will indicate a current from 
the former to the latter ; showing, therefore, that the surface of the 
muscle is positive with respect to the tendon. By varying the position 
of the electrodes, and making various artificial sections, it is found— 

1. That any longitudinal section is positive to any transverse. 

2. That any point of a longitudinal section nearer the middle of the 
muscle is positive to any other point of the same section farther from 
the centre. + 

3. In any artificial transverse section any point nearer the periphery is 
positive to one nearer the centre. 

4 The current obtained between two points in a longitudinal or in a 
transverse section is always much more feeble than that obtained between 
two different sections. 

5. No current is obtained if two points of the same section equidistant 
from its centre be taken. 

6. To obtain these currents it is not necessary to employ a whole 
muscle, or a considerable part of one, but the smallest fragment that can 
be experimented with is sufficient. 

7. Ifa muscle be cut straight across, the most powerful current is that 
from the centre of the natural longitudinal section to the centre of the 
artificial transverse ; but if the muscle be cut across obliquely, as in fig. 


a 


Fig. ns. 


735, the mést positive point is moved from ¢ towards 4, and the most 
negative from d towards a (‘ Currents of inclination’). 

To explain the existence and relations of these muscular currents, it 
may be supposed that each muscle is made up of regularly disposed 
electromotor elements, which may be regarded as cylinders whose axis is 
parallel to that of the muscle, and whose sides are charged with positive 
and their ends with negative electricity ; and, further, that all are sus- 
pended and enveloped in a conducting medium. In sucha case (fig. 736), 
it is clear that throughout most of the muscle the positive electricities of 
the opposed surfaces would neutralise one another, as would also the 
negative charges of the ends of the cylinders; so that, so long as the 
muscle was intact, only the charges at its sides and ends would be left 
free to manifest themselves by the production of electromotive pheno- 
mena; the whole muscle being enveloped in a conducting stratum, a 
current would constantly be passing from the longitudinal to the transverse 
section, and, a part of this being led off by the wire circuit, would 
manifest itself in the galvanometer. 

This theory also explains the currents between two different points on 
the same section; the positive charge at 4, for instance (fig. 736), would 
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dicated by the galvanometer. This is so instantancous that, in the case 
ofa single muscular contraction it does not overcome the inertia of the 
needle of the galvanometer ; but if the contractions be made to succeed 
‘one another very rapidly—that is, if the muscle be fefanited (760)—then. 
the needle swings steadily back towards zero from the position in which 
the current of the resting muscle had kept it, often gaining such momen= 
tum in the swing as to pass beyond the zero point, but soon reverting to 
some point between zero and its original position. 

‘The negative variation in the case of a simple muscular contraction 
can, however, be made manifest by using another muscle as a theoscope ; 
if the nerve of this second muscle be laid over the first muscle in such a 
position that the muscular current passes through it, and the first muscle 
‘be then made to contract, the sudden alteration in the intensity of its 
current stimulates the nerve laid on it (760), and 90 causes a contraction 
‘of the muscle to which the latter belongs. 

‘The same phenomena can be demonstrated in the muscles of warm- 
blooded animals ; but with less exse, on account of the difficulty of keep- 
ing them alive after they are laid bare or removed from the body. 
Experiments made by placing clectrodes outside the skin, or passing 
‘them through it, are inexact and unsatisfactory. 

872. Mleotric currents in nerve.—From nerves the same electro- 
motor indications can be obtained as from muscles; at least, as far ng 
thelr smaller size will permit ; the currents are more feeble than the 
muscular ones, but can be demonstrated by the galvanometer in a similar 
way, Negative variation has been proved to occur in active nerve as in 
active muscle, ‘The effect of a constant current passed through one part 
‘of a nerve on the amount of the normal nerve current, measured at 
another part, has already been described (Chap, IIL, Electrotanus). 

875. Mleotrical dsh.— Electrical fish are those fish which have the re- 
markable property of giving, when touched, shocks like those of the 

jar, Of these fish there are several species, the best known of 
which are the torpedo, the gymnotus, and the silurus, The torpedo, 
whieh is very common in the Mediterranean, has been carefully studied 
by MM. Becquerel and Breschet in France, and by M. Matteucci in 
Italy. The gymnotus has been investigated by Humboldt and Bonpland 
{n South America, and in England by Faraday, who had the opportunity 
‘of examining live specimens. 

‘The shock which they give serves both as a means of offence and of 
defence. It is purely voluntary, and becomes gradually weaker as it is 
repeated and as these animals lose their vitality, for the clectrical action 
soon exhausts them materially. 

‘The shock is very violent. According to Faraday the shock which 
the gymnotus gives is equal to that of a battery of 15 jars exposing a 
coating of 25 square feet, which explains how it is that horses frequently 
give way under the repeated attacks of the gymnotus. 

Numerous experiments show that these shocks are due to ordinary 

For if, touching with one hand the back of the animal, the 





electricity, x 
belly is touched with the other, or with a metal rod, a violent shock is 
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felt in the wrists and arms : while no-shock Is felt if the animal is touche! 
with an insulating body, Further, when the back is connected with one 
end of a galvanometer wire and the belly with the other, at each discharge 
the needle is deflected, but immediately returns to zero, which shows 
that there is an instantaneous current ; and, moreover, the direction of 
the needle shows that the current goes from the back to the belly of the 
fish, Lastly, if the current of a torpedo be passed through a helix, in the 
centre of which is a small steel bar, the latter is magnetised by the 


passage of the discharge, 
‘By means of the galvanometer, Matteucci has established the following 
facts : 
1, When a torpedo is lively,it a shock in any part of its body; 
but as its vitality diminishes, th which itcan give ashock are 
nearer the organ which is the se levelopment of electricity, 


2, Any point of the back is a 
responding point of the belly. 

3 Of any two points at diffe 
the nearest always plays the p 
of negative pole. With the bel 


itive as compared with the car- 


nees from the electrical organ, 
tive pole, and the furthest thas 
srse is the case. 


The organ where the electricity 1s proauced in the torpedo is double, 
and formed of two parts symmetrically situated on the two sides of the 
head, and attached to the skull bone by the internal face. Each part 
consists of nearly parallel lamellie of connective tissue inclosing small 
chambers, in which lie the so-called electrical plates. cach of which has 
a final nerve ramification distributed on one of its faces. This face. 
on which the nerve ends, is turned the same way in all the plates, and 
when the discharge takes place is always negative to the other. 

Matteucci investigated the influence of the brain on the discharge. For 
this purpose he laid bare the brain of a living torpedo, and found that the 
first three lobes could be irritated without the discharge being produced. 
and that when they were removed the animal still possessed the faculty 
of giving a shock. The fourth lobe, on the contrary, could not be irritated 
without an immediate production of the discharge ; but if it was removed. 
all disengagement of electricity disappeared, even if the other lobes re- 
mained untouched. Hence it would appear that the primary source of 
the electricity elaborated is the fourth lobe, whence it is transmitted by 
means of the nerves to the two organs described above, which act 2 
multipliers, In the silurus the head appears also to be the seat of the 
electricity ; but in the gymnotus it is found in the tail. 

874. Application of electricity to medicine.—The first applications of 
electricity to medicine date from the discovery of the Leyden jar, Nollet 
and Boze appear to have been the first who thought of the application 
and soon the spark and electrical frictions became a universal panace: 
but it must be admitted that subsequent trials did not come up to the 
hopes of the experimentalists. 

After the discovery of dynamic electricity Galvani proposed its appli 
cation to medicine: since which time many physicists and physiologists 
have been engaged upon this subject, and yet there is still much uncet- 
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as'to the real effects of electricity, the cases in which it is to be 

and the best mode of applying it, Practical men prefer the use 

currents to that of statical electricity, and, except in a few cases, dis- 

continuous to continuous currents. There is, finally, a choice between 

the currents of the battery and those of induction currents ; further, the 

‘effects of the latter differ, according as induction currents of the first or 
second order are used, 

In fact, since induction currents, although very intense, have avery 
feeble chemical action, it follows that when they traverse the organs, they 
do not produce the chemical effects of the current of the battery, and 
hence do not tend to produce the same disorganisation, Further, in 
electrifying the muscles of the face, induction currents are to be. pre- 
ferred, for Dr. Duchenne has found that these currents only act feebly on 
the retina, while the currents of the battery act energetically on this organ, 
and may affect it dangerously, as serious accidents have shown. There 
is a difference in the action of induced currents of different orders ; 
for while the primary induced current causes lively muscular actions, 
but has lite action on the cutaneous sensibility, the secondary induced 
current, on the contrary, increases the cutaneous sensibilityrto such a 
point, that its use ought to be proscribed to persons whose skin is yery 
irritable. 

Hence electrical currents should not be applied in therapeutics without 
‘a thorough knowledge of their various properties. They ought to be 
used with great prudence, for their continued action may produce serious 
‘accidents. Matteucci, in his lectures on the physical phenomena of living 
bodies, expresses himself as followg: “In commencing, a feeble current 
must always be used, ‘This precaution now seems to me the more im: 
portant, as I did not think it so before sccing a paralytic person seized 
with almost tetinic convulsions under the action of a current formed of 
a single clement. Take care not to continue the application too long, 
especially if the current is energetic. Rather apply a frequently.inter- 
rupted current than a continuous ono, especially if it be strong ; but after 
20 or 30 shocks at most, let the patient take a few moments’ rest.’ 

Of late years, however, feeble continuous cnrrents have come more 
into use. They are frequently of great service when applied skilfully 
60 a5 to throw the nerves of the diseased part into a state of cathelectro- 
tonus or analectrotonus, according to the end which is wished for in any 
given case, 
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METEOROLOGY CLIMATOLOGY. 
ME & 
875. eeteorology.—The pl vhich are produced in the at- 
mosphere are called meteors ; ology is that part of physics 


which is concerned with the study or these phenomena, 

A distinction is made between aerial meteors, such as winds, and 
hurricanes, and whirlwinds ; agueous meteors, comprising fogs, clouds, 
rain, dew, snow, and hail ; and /uminous meteors, as lightning, the rain- 
bow, the aurora borealis. 





Aerial Meteors, 


876. Direction and velocity of winds,— Winds are currents moving 
in the atmosphere with variable directions and velocities. There are 
eight principal directions in which they blow—north, north-east, east, 
south-east, south, south-west, west, and north-west, Mariners further 
divide each of the distances between these eight directions into four others, 
making in all 32 directions, which are called points or rhumbs. A figure, 
of these 32 rhumbs on a circle, in the form of a star, is known as the 
mariner’s card, 

The direction of the wind is determined by means of vanes, and its 
velocity by means of the axemometer. There are several forms of this 
instrument ; the most usual consists of a small vane with fans, which the 
wind turns; the velocity is deduced from the number of turns made in a 
given time, which is measured by means of an endless screw and wheel- 
work. In our climate the mean velocity is from 18 to 20 feet in a second. 
With a velocity of 6 or 7 feet, the wind is moderate ; with 30 or 35 feet, 
it is fresh ; with 60 or 7o feet, it is strong; with a velocity of 85 to 0 
feet, it is a tempest ; and, from 90 to 120, it is a hurricane. 

We have but few experimental results as to the law of the intensity of 
the force which wind exerts on surfaces exposed to its action. Smeaton 
gives a table compiled by Rouse from a considerable number of facts 
and experiments ; he observes that these experiments do not deserve as 
much confidence for velocities above as for velocities below so miles an 











jo the square of the velocity of the wind ; they are approximately given 
oy the formula 


Jn v002214 V4, 
where V, being che velocity of the wind in feet per secand, f Is the pres« 
jure En pounds per square foot. 

877. Causes of winds,—-Winds are produced by a disturbance of 
he equilibrium in some part of the atmosphere ; a disturbance always 
‘esulting from a difference in temperature between adjacent countries. 
Thus, if the temperature of a certain extent of ground becomes higher, 
‘be air in contact with it becomes heated, it expands and rises towards 
he higher regions of the atmosphere ; whence it flows, producing winds 
vhich blow from hot to cold countries. But at the same time the equi- 
ibrium is destroyed at the surface of the earth, for the barometric pressure 
mm the colder adjacent parts is greater than on that which has been 

and hence a current will be produced with a velocity dependent 
‘m the difference between these pressures; thus two distinct winds will 
ve produced, an upper one setting outwards from the heated region, and 
blower one setting tatoards towards it. 

$78. Moegular, periodical, and variable winds.—According to the 
hore or less constant directions in which winds blow, they may be classod 
\s regular, periodical, and variable winds. 

i, Regular winds are those which blow all the year through ina virtually 
jomstant direction, These winds, which are also known as the rade 
vind’, are uninterruptedly observed far from the land in equatorial 
egions, blowing from the north-east to the south-west in the northern 

and from the south-east to the northwest in the southern 

‘They prevail on the two sides of the equator as far as 30” 

if latitude, and they blow in the same direction as the apparent motion 
df the sun—that is, from east to west. 

‘The air above the equator being gradually heated, rises as the sun 
passes round from east to west, and its place is supplied by the colder air 
fom the north or south. The direction of the wind, however, is modified 
oy this fact, that the velocity which this colder air has derived from the 
‘otation of the earth—namely, the velocity of the surface of the earth at 
‘he point from which it started—is less than the velocity of the surface of 
he earth at the point at which it has now arrived; hence the currents 
tequire, in reference to the equator, the constant direction which consti- 
tutes the trade winds, 

ii, Periodical winds are those which blow regularly in the same direc~ 
fon at the same seasons, and at the same hours of the day : the monsoon, 
dmoom, and the land and sea breeze are examples of this class The 
Jame monsoon is given to winds which blow for six months in one direce 
ion and for six months in another. They are principally observed in 
he Red Sea and in the Arabian Gulf, in the Bay of Bengal and in the 
Thinese Sea, These winds blow towards the continents in summer, and 
na contrary direction in winter. The s’moom is a bot wind which blows 

’ 
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over the deserts of Asia and Africa, and) which is characterised by its 
high temperature and by the sands which it raises in the atmosphere and 
carries with it. During the prevalence of this wind the air is darkened, 
the skin feels dry, the respiration is accelerated, and a burning thirst © 
experienced. 

‘This wind is known under the name: of séracco in Italy and Algiers 
where it blows from the great desert of Sahara. In Egypt, where i¢ 
prevails from the end of April to June, it is called £amsin. The natives 
of Africa, in order to protect themselves from the effects of the to 
rapid perspiration occasioned bv this wind, cover themselves with faty 
substances, 


The /and and sea breeze is a h blows on the sea coast during 
the day from the sea towards 1, and during the night from the 
land to the sea. For during the land becomes more heated thar 
the sea, in consequence of its | ‘cific heat and greater conduc- 
tivity, and hence as the super air becomes more heated than 
that upon the sea, it ascends a wed by a current of colder and 
denser air flowing from the sex. che land. During the night the 
land cools more rapidly than the {hence the same phenomenos 


is produced in a contrary direction. 1he sea breeze commences afer 
sunrise, increases to three o'clock in the afternoon, decreases towards 
evening, and is changed into a land breeze after sunset. These winds 
are only perceived at a slight distance from the shores. They are regular 
in the tropics, but less so in our climates ; and traces of them are seen 
as far as the coasts of Greenland. The proximity of mountains also 
gives rise to periodical daily breezes. 

iii, Variable winds are those which blow sometimes in one direction 
and sometimes in another, alternately, without being subject to any law. 
In mean latitudes the direction of the winds is very variable ; towards 
the poles this irregularity increases, and under the arctic zone the winds 
frequently blow from several points of the horizon at once. On the other 
hand, in approaching the torrid zone, they become more regular. The 
south-west wind prevails in the north of France, in England, and in 
Germany; in the south of France the direction inclines towards the 
north, and in Spain and Italy the north wind predominates. 

879. Law of the rotation of winds.—Spite of the great irregularity 
which characterises the direction of the winds in our latitude, it has been 
ascertained that the wind has a preponderating tendency to veer round 
according to the sun’s motion—that is, to pass from north, through north- 
ast, east, south-east to south, and so on round in the same direction 
from west to north ; that it often makes a complete circuit in that direc- 
tion, or more than one in succession, occupying many days in doing 50, 
but that it rarely veers, and very rarely or never makes a complete circuit 
in the opposite direction. This course of the winds is most regularly 
observed in winter. According to Leverrier, the displacement of the 
north-east by the south-west wind arises from the occurrence of a whir- 
wind formed upon the Gulf-stream. 

For a station in south latitude a contrary law of rotation prevails. 





881] Fogs and Mists. Clouds. Sir 
‘This taw, though more or less suspected for a long time, was frst 





formally enunciated and explained by Dove, and is known as Dove's daw 
of rotation of winds. 

880. Fogs and mists.—When aqueous vapours rising from a vessel 
of boiling water diffuse in the colder air, they are condensed ; a sort of 
cloud is formed which consists of a number of small hollow vesicles of 
‘water, which remain suspended in the air. These are usually spoken 
of as vapours, yet they are not so, at any rate not in the physical sense of 
the word; for they are partially condensed vapours. 

‘When this condensation of aqueous vapours is not occasioned by con- 
tact with cold solid bodies, but takes place throughout large spaces of the 
atmosphere, they constitute fags or mists, which, in fact, are nothing 
more than the appearance seen over a vessel of hot water. 

‘A chief cause of fogs consists in the moist soil being at a higher tem 
perature than the air. The vapours which then ascend condense and 

In alll cases, however, the air must have reached its 

in before condensation takes place. Fogs may also be 

produced when a current of hot and moist air passes over a river at a 

wer temperature than its own, for then the air being cooled, a3 soon as 
is saturated, the excess of vapour present is condensed, 

The distinction between mists and fogs is one of degree rather than of 
kind. A fog is a very thick mist. 

881, Clouas.—Clowds are masses of vapour, condensed into little drops 
‘or vesicles of extreme minuteness, like fogs; from which they only differ 
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in occupying the higher regions of the atmosphere; they always result 
from the condensation of vapours which rise from the earth. According 











ibis ory, wich wos Are propounded by Sussrre has been defended 
by Kratzensteia, subsequently by Bravals and mest physicists; it has, 
however, been combated by Desagueliers, and afterwards by Monge, and 
has at present many opponents, ‘These latter assume that clouds and 

oe consist of extremely minute droplets of water, which are pels 
| in the atmosphere by the Seat force of currents of hot air, just as 


Fela the sae height. 
882, Formation 


¢louds,— Many causes may concur in the for- 
mation of clouds. i, The low temperature of the higher region of 
the epicters. For, owing to solar radiation, vapours are constantly. 

from the earth and from the waters, which from their 
elastic force and lower density rise in the atmosphere ; meeting there 
continually colder and colder layers of alr, they sink to the polit of 
saturation, and then condensing in infinitely small droplets, they give 
rise to clouds. 

i The hot and moist currents of ising during the day undergo a 
gradually fecbler pressure, and thus is produced an expansion which Is a 
source of intense cold, and produces a condensation of vapour. Hence it 
| is that high mountains, stopping the aerial currents, and forcing them to 
‘rise, are an abundant source of rain. 

fii, A hot, moist current of alr mixing with a colder current, undergoes 

hich brings about a condensation of the vapour. Thus the 
| ior and moist winds of the south and south-west, mixing with the colder 
air of our latitude, give rain. The winds of the north and north-east tend 
also, in mixing with our atmosphere, to condense the vapours; but as 
| these winds, owing to their low temperature, are very dry, the mixture 
rarely attains saturation, and generally gives no rain, 

‘The formation of clouds is thus explained by Hutton, ‘The tension 
‘of aqueous sxpour, and therewith the quantity present given space 
age satur ted, diminishes according to a geometric progression, while 

the temperature falls in arithmetical progression, and therefore the clas 
ticity of the vapour present at any time is reduced by a fall of tempera 
| tere more rapidly than in direct proportion to the fall, Hence ifa current 
of warm air, saturated with aqueous vapour, mect & current of cold air 
also saturated, the air acquires the mean temperature of the beter 
ean only retain a portion of the vapour in the invisible condition, and, acloud 
or mist is formed, Thus suppose a cubic meter of air at 10° C, 
with a cubic meter of air at 20° C., and that they are respectively san 

















ain. Waterspout, ae 


It is higher above the ground; as these eddies disperse the drops which 
would otherwise fall into the Instrument, they diminish the quantity of 
‘water which it receives. 

‘In any case it is clear that if rain-drops traverse moist air, they will 
from their temperature condense vapour and increase in volume. If, on 
‘the contrary, they traverse dry air, the drops tend to vaporise, and less 
rain falls than at a certain height; it might even happen that the rain 
did not reach the earth. : , 











decreases, in fact, from the equator to the poles. At London it i: 

Inches; at Bordcauxlt is 25°8; at Madcira it is 27-7 ; at Havannah it ii 

gz, and at St. Domingo it is 1076. The quantity varies with the 

in Paris, in winter, it is 4'2 inches ; in spring 69; in summer 

63, and in antumn 48 inches, The heaviest annual rain-fall at any 

place in the globe is on the Khasia Hills in Bengal, whercit is 600 inches ; 
‘of which s00 inches fall in seven months, 

‘The driest recorded place in England is Lincoln, where the mean 
rainfall is 20 inches, and the wettest is Stye, at the head of Borrowdale 
in Camberland, where it amounts to 165 inches, 

An inch of rain on a square yard of surface expresses a fall of 46-74 
pounds, or 4°67 gallons, On an acre {t corresponds to 22,622 gallons, or 

| 100"9935 tons. 100 tons per inch per acre is a ready way of remember- 
ing this, 


‘Waterspouts,—These are masses of vapour suspended in the 
lower layers of the atmosphere which they traverse, and endowed with a 
motion rapid enough to uproot trees, upset houses, and break 

and destroy everything with which they come in contact. 

‘These meteors, which are generally accompanied by hail and rain, 
often emit lightning and thunder, producing the sound of carriages 
rolling over a stony road. Many of them have no gyratory motion, 
and about a quarter of those observed are produced in a calm atmo- 





‘When they take place on the sea they present a curious phenomenon, 
The water is disturbed, and rises in the form of a cone, while the clouds 
are depressed in the form of an inverted cone; the two cones then wnite 
and form a continuous column from the sea to the clouds (fig. 741), which 
are called walerspouts, Even, however, on the high scas the water of 
these waterspouts is never salt, proving that they are formed of con- 
densed vapours, and not of sea water raised by aspiration. 
‘The origin of these is not known. Kzemtz assumes that they are due 
z) to two opposite winds which pass by the side of cach other, or 
to a very high wind which prevails in the higher regions of the atmosphere. 
Peltier and many others ascribe to them an electrical origin. 
885, Infuence of aqueous vapeur om climate.—One of the most 
important elements in meteorology is undoubtedly the ‘possessed 
by aqueous vapour of powerfully absorbing and radiating heat. =| 
= 
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same physicist who discovered this ; 
ion of some obscure points in meteorological 
can be no doubt that the knowledge of it will gradually oe 


understanding of many inexplicable and apparestly capricious messome 
gical phenomena, 





Fig we & 


Tyndall has established the fact, that in a tube 4 feet Jong the sem 
spheric vapour ona day of average dryness absorbs To per cent, of obec 
heat. With the earth warmed by the sun, a5 @ source, there can bem? 
doubt that at the very least 10 per cent, of its heat js intercepted whit 
to feet of the surface. If aqueous vapour be compared atom for 
with air, its power of absorption and radiation is mare than 16,009 
that possessed by air. Such facts as these are sufficient to show ihe 
importance of the small quantity of this vapour that exists in our atime 
sphere, 

: The radiative power of aqueous vapour may be the main cause af ie 
torrential rains that occur in the tropics, and also of the formation of 
cumuli clouds in our own latitudes, This same property 
causes the descent of a very fine rain, called sfredx, which has more 
characteristics of falling dew, as it appears a short time after 
when the sky is clear; its production has therefore been attributed #0 the 
cold, resulting from the radiation of the air, It is not the air, howe 
but the aqueous vapour in the air, which by its own radiation chil 
itself, so that it condenses into séreta. 

‘The adsordent power of aqueous vapour is even of greater 
Whenever the air is dry, terrestrial radiation at night is so ait 

| 
| 
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cause intense cold. Thus, in the central parts of Asia, Africa, and Aus- 
tralia, the daily range of the thermometer is enormous ; in the interior of 
the last continent a difference in temperature of no less than 40° C. has 
been recorded within 24 hours. In India, and even in the Sahara, owing to 
the copious radiation, ice has been formed at night. But the heat which 
aqueous vapour absorbs most largely is of the kind emitted from sources of 
low temperature; it is to a large extent transparent to the heat emitted from 
the sun, whilst it is almost opaque to the heat radiated from the carth. 
Consequently, the solar rays penetrate our atmosphere with a loss, as 
estimated by Pouillet, of only 25 per cent., when directed vertically down- 
wards, but after warming the earth they cannot retraverse the atmosphere. 
Through thus preventing the escape of terrestrial heat, the aqueous 
vapour in the air moderates the extreme chilling which is due to the 
unchecked radiation from the earth, and raises the temperature of that 
region over which it is spread. Tyndall has thus described the action 
of this substance:—' Aqueous vapour is a blanket more necessary to the 
vegetable life of England than clothing is to man. Remove for a single 
summer night the aqueous vapour from the air which overspreads this 
country, and every plant capable of being destroyed by a freezing tempe- 
rature would perish. The warmth of our fields and gardens would pour 
itself unrequited into space, and the sun would rise upon an island held 
fast in the iron grip of frost.’ 

886, ‘Tyndall's researches.—Tyndall has recently examined the action 
of solar and of the electric light on vapours under a great degree of attenua- 
tion ; and has found that under these circumstances they are decomposed. 
This new reaction not only puts a most potent agent of chemical decom- 
position into the hands of chemists, which remains for them to make 
use of, but it has led Professor Tyndall to important conclusions regard- 
ing the origin of the blue colour of the sky, and the polarisation of day- 
light. 

For these experiments he used a glass tube with glass ends, such as 
he had used for his researches on radiant heat, and which is known as 
“the experimental tube’ This could be exhausted and then filled with 
air charged with the vapours of volatile liquids, by allowing the air to 
pass through small Wolff bottles containing them. By mixing with 
different proportions of pure air the air charged with vapour, and by 
varying the degree of exhaustion, it was possible to have a vapour under 
any degree of attenuation. It was also possible to fill the tube with, the 
vapour of a liquid alone. 

‘The tube having been filled with air charged with vapours of nitrite 
of amyle, a somewhat convergent beam from the clectric lamp was 
passed into the tube. For a moment the tube appeared optically empty, 
but suddenly a shower of liquid spherules was precipitated on the path 
of the beam forming a luminous white cloud. The nature of the sub- 
stance thus precipitated was not specially investigated. 

This effect was not due to any chemical action between the vapour and 
the air, for when either dry oxygen or dry hydrogen was used instead of 
air, or when the vapour was admitted alone, the effect was substantially 

NN 















the same, —_ jr was it due to any heating effect, for 
previous —_:d by passing through a solution of alum, 
thick gla the lens. The unsifted beam produced 
the obse lorific rays did not seem to interfere with 
Thes aght also affects the decomposition of the nitrite 
vapour; this decomposition was found to be mainly due to 
refrangi ays. 

‘When tne electric light, before entering the experiment 
madie to pass through a layer of the liquid nitrite of amyle 
an inch in thickness, the luminous effect was not appreciably: 





the vapour is absorbed * 

probably decomposed by ty 

all, is far fess rapid and aisuint 

stance that the absorption is tl 

or in the vaporous state, is co 

absorption is not the act of the 

that is, that it is to the atoms t] sculiar rate of vibration is war 
ferred, which brings about the — ition of the body. 

Besides nitrite of amyle, the vapour of a number of other substances 
was examined, such, for example, as benzole, iodide of allyle, bisulphide 
of carbon. By varying the nature of the vapour, the shape of a cloud 
could be greatly varied, and in many cases presented the most fanta 
and beautiful forms, 

It was also found that a vapour which when alone resists the action of 
, by being associated with another gas or vapour, exhibit 3 
lent action. 
when the tube was filled with atmospheric air, mixed with nitrite 
le vapour, the clectric Tight produced very little effect. But with 
bait an atmosphere of this mixture, and half an atmosphere of air which 
had passed through hydrochloric acid, the action of the light was almost 
sescantaneous. In another case mixed air and nitrite of butyle vapour 
‘~e.ts passed into the tube so as to depress the barometer the 3; of an inch; 
shat ts the mixed air and vapour were under a pressure of 335 of an 
phere. Air passed through solution of hydrochloric acid was intro- 
nntil the pressure was 3 inches. The condensed beam passed 
‘veugh for some time without change, but afterwards a superbly blue 
cveai was formed, 
ty \ ises where the vapours are under a sufficient degree of attenuation, 
ssducever otherwise be their nature, the visible action commences with 
ox wwumution of a d/ue cloud, The term cloud, however, must not be 
x in its ordinary sense : the blue cloud is invisible in ordinary 
+ -gai, and to be seen must be surrounded by darkness, # alone being 
aie by a powerful beam of light. ‘The blue cloud differs in many 
ses sstiat particulars from the finest ordinary clouds, and may be con- 
vs -e¥i tut ovcupy an intermediate position between these clouds and te 
Asewieas \apour : 
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By graduating the quantity of vapour, the precipitation may be ol 
tained of any required degree of fineness: forming other particles di 
tinguishable by the raked eye, or particles beyond the reach of the 
highest microscopic power: There is no reason to- doubt that particles ” 
may be thus obtained whose wave-length is but a very small fracticn of 
the length of a wave of violet light. 

The case is similar to that of carbonic acid gas, which, diffused in the 
atmosphere, resists the decomposing action of solar light, but when in 
contiguity with the chlorophyle in the leaves of plants is decomposed. 

‘When the blue cloud produced in these experiments was examined by 
any polarising arrangement, the light emitted laterally from the beam— 
that is, in a direction at right angles to its axis—was found to be perfectly 
polarised. This phenomenon was observed in its greatest perfection the 
more perfect the blue of the sky. It is produced by any particles, pro- 
vided they are sufficiently fine. 

This is quite analogous to the light of the-blue: sky. When this is 
examined by a Nicol’s prism, or any other analyser, it is found that the 
light, emitted at right angles to the path of the sun’s rays, is polarised. 

‘These two phenomena, the fundamental blue, and the polarisation of 
the sky light, which have long been the enigmas of meteorologists, find 
their definite solution in these experiments. We have only to assume 
the existence in the higher regions of. the atmosphere of excessively fine 
particles of water ; for particles of any kind produce this effect. It is not 
difficult to conceive the existence of such particles in the higher regions, 
even on a hot summer's day. For the vapour must there be in a state of 
extreme attenuation ; and inasmuch as the oxygen and hydrogen of the 
atmosphere behave like a vacuum to radiant heat, the extremely attenu- 
ated particles of aqueous vapour are practically in contact with the absolute 
cold of space. 

“Suppose the atmosphere surrounded by an envelope impervious to 
light, but with an aperture on the sunward side, through which a parallel 
beam of solar light could enter and traverse the atmosphere. Surrounded 
on all sides by air not directly illuminated, the track of such a beam 
would resemble that of the parallel beam of the electric light through 
an incipient cloud. The sunbeam, would be blue, and it would discharge 
light laterally in the same condition as that discharged by the incipient 
cloud, The azure revealed by such a beam would be to all intents and 
purposes a blue cloud.’ 

887. Dew. Hoar frost.—Z7 is merely aqueous vapour which has 
condensed on bodies during the night in the form of minute globules. It 
is occasioned by the chilling which. bodies near the surface of the carth 
experience in consequence of nocturnal radiation, ‘Their temperature 
having then sunk several degrees below that of the air, it frequently 
happens, especially in hot seasons, that this temperature is below that at 
which the atmosphere is saturated. The layer of air which is immediately 
in contact with the chilled bodies, and which virtually has the same 
temperature, then deposits a portion of the vapour which it contains ; 
just as when a bottle of cold water is brought into a warm room, it be- 
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comes covered ith moisture, owing to the condensation of aqueous vaya 
upon it. . 

. According to this theory, which was frst propounded, by Dr. Wells al 
causes which promote the sooling Of bodies desis eats of de 
These causes are the emissive power of bodies, the state of the sky, ant 
the agitation of the air, Budies which have agreat radiating powermt 
readily become cool, and therefore ought to condense more vapor 
fact, there is generally no deposit of dew on metals, 
power is very small, especially when they are polished; wh 
sand, glass, and plants, which have a great 

“abundantly covered with dex, 

The state of the sky also e 
dew. Ifthe sky is cloudless, 
appreciable quantity of heat, 1 
therefore becoming very mux. 
dew. But if there are clouds 
of the planetary spaces, they 
bodies on the surface of the 
deposit of dew takes place. 

Wind also influences the qu: 
it increases it, inasmuch as it renews the air; if it is strong, it diminishes 
it, as it heats the bodies by contact, and thus does not allow the air time 
to become cooled. Finally, the deposit of dew is more abundant accosd- 
ing as the air is moister, for then it is nearer its point of saturation. 

‘Hoar frost and rime are nothing more than dew which has been depo 
sited on bodies cooled below zero,and has therefore become frozen. The 
flocculent form which the small crystals present, of which rime is formed, 
shows that the vapours solidify directly without passing through the 
liquid state. Hoar frost, like dew, is formed on bodies which radia 
most, such as the stalks and leaves of vegetables, and is chiefly deposited 
on the parts turned towards the sky, 

888. Bmow, Sleet.—Snow is water solidified in stellate cryst 
variously modified, and floating in the atmosphere. ‘These crystals arise 
from the congelation of the minute vesicles which constitute the clouds, 
when the temperature of the latter is below zero, They are more regular 
when formed in a calm atmosphere. Their form may be investigated by 
collecting them on a black surface, and viewing them through a strong 
lens, ‘The regularity, and at the same time variety, of their forms are 
truly beautiful. Fig. 742 shows some of the forms as seen through 
microscope. 

It snows most in countries near the poles, or which are high above the 
sea level. Towards the poles, the earth is constantly covered with snow: 
the same is the case on high mountains, where there are perpetual snows 
even in equatorial countries, 

‘Steet is also solidified water, and consists of small icy needles pressed 
together in a confused manner. Its formation is ascribed to the sudden 
congelation of the minute globules of the clouds in an agitated atmo 
sphere. 
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839, mait.—Hail is a'mass of compact globules of ice of different 
sites, which fall in the atmosphere. In our climate hail falls principally 
during spring and summer, and at the hottest times of the day ; it rarely 
falls at night. The fall of hail is always preceded by a peculiar noise. 

Hait is generally the precursor of storms, it rarely accompanies them, 
and follows them more rarely still. Hail fally from the size of small peas 











Fig. 74% 


to that of an egg or an orange. The rormation of hailstones has never 
been altogether satisfactorily accounted for; nor more especially their 
great size, On Volta’s theory the hailstones are successively attracted by 
two clouds charged with opposite clectricities ; but if the hailstones were 
thus attracted, it is much more probable that the two clouds wauld be 
yutually attracted, and would unite. 

890. Tee, Megelation.—Ice is nothing more than an aggregate of 
snow crystals, such as are shown in fig, 742. The transparency of ice 
is due to the close contact of these crystals, which causes the individual 
Particles to blend into an unbroken mass, and renders the substance 
apically, as well as mechanically, continuous. When lange masses of ice 

lowly melt away, a crystalline form is sometimes scen by the gradual 
disintegration into rude hexagonal prisms ; a similar structure is fre 
qquently met with, but in greater perfection, in the ice caves or glaciers of 
cold regions. 

A striking experiment of Tyndall has, however, more cleafly revealed 
the beautiful structure of ice. When @ piece of ice is cut parallel to its 
planes of freesing, and the radiation from any luminous source, a8 the 
sum, a glowing fire, a gas or oil flame, is permitted to pass through it, the 
disintegration of the substance proceeds in a remarkable way. By ob- 
serving the plate of ice through a lens, numerous small crystals will be 
Seen studding the interior of the block ; as the heat continues these 
crystals expand, and finally assume the shape of six-rayed stars of exqui- 
site beauty. 

This is a kind of negative crystallisation, the crystals produced being 
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composed of water, and owe their formation to the molecular disuirhame 
caused by the absorption of heat from the source. Nothing is ease 
than to reproduce this phenomenon, if care be taken in cutting the ke. 
The planes of freezing can be found by noting the direction of the bublies 
in ice, which are either sparsely arranged in stri at right angles te the 
surface, or thickly collected in beds parallel to the surface of phe waler 
‘A warm and smooth metal plate should be used to level and reduce the 
ice to a slab not exceeding half an inch in thickness. 

A still more important property of ice remains to be noticed, Paradiy 
discovered that when two pieces of melting ice are pressed together they 


freeze into one at their points o- ‘This curious phenomenon 
now known under the nar=—+ The cause of it has been tht 
subject of much controve yplest explanation ‘seems to be 
that given by its discover (es on the exterior of a block of 
ice are held by cohesion on } when the temperature is at 
C., these exterior particles E ‘ee are the first to pass into the 
liquid state, and a film of ware solid, But the particles in the 
interior of the block are bounc des bythe solid ice, the force of 
cohesion is here a maximum, he interior ice has no tendeny 


to pass into a liquid, even when tn ....-s¢ mass is at o® Tf the block be 
now split in halves, a liquid film instantly covers the fractured surfaces 

* the force of cohesion on the broken surfaces has been Tessenct 
by the act. By placing the halves together, so that their original position 
shall be regained, the liquid films on the two fractured surfaces again 
become bounded by ice on both sides. The film being excessively thia, 
the force of cohesion is able to act across it ; the consequence of this is, 
the liquid particles pass back into the solid state, and the block is 
reunited by regelation. Not only do ice and ice thus freeze together, 
but regelation also takes place between moist ice and any nonconducting 
solid body, as flannel or sawdust; a similar explanation to that just 
given has been applied here, substituting another solid for the ice on one 
side. It must be remarked, however, that many eminent philosophers 
dissent from the explanation here given. 

Whatever may be the true cause of regelation, there can be nd doubt 
that this interesting observation of Faraday’s explains many natural 
phenomena. For example. the formation of a snowball depends on the 
regelation of the snow granules composing it, and as regelation cannot 
take place at temperatures below 0” C., forthen both snow and ice are dry, 
it is only possible to make a coherent snowball when the snow is melting 

‘The snow bridges, also, which span wide chasms in the Alps and else- 
where, and over which men can walk in safety, owe their existence to the 
regelation of gradually accumulating particles of snow. 

891. Giacters.— Tyndall has applied this regelating property of ice to 
the explanation of still grander phenomena—the formation and motion 
of glaciers, of which the following is a brief description. In elevated 
regions, what is termed the snow dine marks the boundary of eternal 
snow, for above this the heat of summer is unable to melt the winters 
snow. By the heat of the sun and the consequent percolation of water 
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melted from the surface, the lower portions of the snow field are raised 
to of C.; at tho same time this part is closely pressed together by the 
weight of the snow above, regelation therefore sets in, converting the 
Joose snow Into a coherent mass. 

By tncreasing pressure the intermingled air which renders show opaque 
becomes ejected and transparent; ice then results, Its own gravity, and 
the pressure from behind, urge downwards the glacier which has thus 
been formed. In its descent from the mountain the glacier behaves in 
all respects like a river, passing through narrow gorges with comparative 
velocity, and then spreading out and moving slowly as its bed widens. 
Further, just as the central portions of a river move faster than the sides, 
80 Professor Forbes has ascertained that the centre of a glacier moves 
guiceer than its margin, and from the same reason (the difference in the 
riction encountered) the surface moves more rapidly than the bottom. 
‘To explain these facts Forbes assumed ice to be a viscous body eapable 
of flexion, and flowing like lava; but as ice has not the properties of a 
¥iscous substance, the now generally accepted explanation of glacier 
motion is that supplied by the theory of regelation. According to this 
theory, the brittle ice of the glacier is crushed and broken in its passage 
through narrow channels, such as that of Trélaporte on Mont Blanc; and 
then, as it emerges from the gorge which confined it, becomes reunited 
by virtue of regelation ; in this instance forming the well-known Mer de 
Glace. By numerous experiments Tyndall has established that rege 
fation is adequate to furnish this explanation, and with complete success 
has artificially imitated, on a small scale, the moulding of glaciers by 
the crushing and subsequent regelation of ice, 





LUMINOUS METEORS. 


8g2. Atmospheric electricity, Franklin's experiment.—The most 
frequent luminous phenomena, and the most remarkable for their effects, 
are those produced by the free electricity in the atmosphere. The first 
physicists who observed the electric spark compared it to the gleam of 
lightning, and its crackling to the sound of thunder. But Franklin, by 
the aid of powerful electrical batteries, first established a complete 
parallel between lightning and electricity ; and he indicated, in a memoir 
published in 1749, the experiments necessary to attract electricity from 
the clouds by means of pointed rods. The experiment was tried by 
Dalibard in France; and Franklin, pending the erection of » pointed 
rod on a spire in Philadelphia, had the happy idea of flying a ki 
provided with a metallic point, which could reach the higher regions 
of the atmosphere. In June 1752, during stormy weather, he flew 
the kite in afield near Philadelphia. The kite was flown with ordinary 
thread, at the end of which Franklin attached a key, and to the key 
‘a silk cord, in order to insulate the apparatus ; he then fixed the silk cord 
toa tree, and haying presented his hand to the key, at first he obtained no 
spark, He was beginning to despair of success, when, rain haying fallen, 
the cord became a good conductor, and a spark passed. Franklin, in his 
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letters, de his emotion on witnessing the suctess of the experiment 
as being Sv .. that he could not refrain from tears, 

Franklin, who had discovered the power of points (680), but who dil 
not understand its explanation, imagined that the kite withdrew from the 
cloud its electricity ; it is, in fact, a simple case of induction, and deperds 
on the ieahesiys action which the thunder-cloud exerts upon the kite and 
the cord, 

893, Apparatus to investigate the electricity of the atmosphere.— 
The apparatus used to ascertain the presence of electricity in the atmo- 
sphere are : the electroscope, eith=~ = pith balls, straw, or gold leal; 
the apparatus first used by Dalil which consisted of an insulated 
iron rod, 36 yards in height ; ar larged into the atmosphere, and 
even kites and captive balloons. 





‘To observe the electri infi at, when the tension is generally 
small, an electrometer is used, a. by Saussure for this kind of in- 
vestigation, 1 electroscope similar ta this 

already des it the rod to which the gold 

leaves are fi mounted by a conductor 2 feet 

in length, anw nating either in a knob or # 


point (fig. 743). ‘10 protect the apparatus against 
rain, it is covered with a metallic shield 4 inches 
in diameter. The glass case is square, instead of 
being round, and a divided scale on its inside face 
indicates the divergence of the gold leaves or of the 
straws. This electrometer only gives signs of atmo- 
spheric electricity as long as it is raised in the 
atmosphere, so that it is in layers of air of which 
the electrical condition is superior to its own. 

To ascertain the electricity of the atmosphere, 
Saussure also used a copper ball, which he pro- 
jected vertically with his hand. This ball was fixed 
to one end of a metallic wire, the other end of 
which was attached to a ring, which could glide 
along the conductor of the electrometer. From 
the divergence of the straws, or of the gold leaves, 
the electrical condition of the air at the height 
which the ball attained could be determined. M. 
Becquerel, in experiments made on the St. Bernard, 
improved Saussure’s apparatus, by substituting for 
the knob an arrow, which was projected into the 
atmosphere by means of a bow. A gilt silk thread, 
88 yards long, was fixed with one end to the arrow, 
while the other was attached to the stem of an 
electroscope. Peltier used a gold-leaf electroscope, 
at the top of which was a somewhat large copper 

ara globe. Provided with this instrument, the observer 
stations himself in a commanding position—it rs then quite sufficient to 
raise the electroscope even a foot or so to obtain signs of electricity. 








then 
far it, which is well connected with the ground, ‘and which Ss nearer (5B. 
than the observer himself; so that if a discharge should ensve, it will 
‘the ball and not the observer, Professor Richmann, of St. Peters- 
was killed in an experiment of this kind, by a discharge ba 
Fok him on the forehead. 
‘Sometimes also captive balloons or kites have been vie, provide 
'@ point, and connected by means of a gilt cord with an electrometer, 
"A good collector of atmospheric clectricity consists of a fishing-od 
‘an insulated handle which projects from an upper window. At the 
faesalt is a bit of lighted amadou held in a metalic forceps, the smoke 
of which, being an excellent conductor, conveys the electricity of the air 
down a wire attached to the rod. A sponge moistened with alcohol, and 
set on fire, is also an excellent conductor. 
_ A very convenient instrument for investigating atmospheric electricity 
has been introduced by Sir W. Thomson ; it consists of an insulated can 
f water placed on a table or on a window-sill on the fuse, The 
discharges through a zinc nozzle at the end of a narrow pipe which — 
through the partially open window to a distance of two or thres 


Ordinary electricity of the atmosphore,— By means of the dif- 
‘Apparatus which have been described, it has been found that the 
Of electricity in the atmosphere is not confined to stormy 
* but that the atmosphere always contains free electricity, some~ 
(es positive and sometimes negative. When the sky is cloudless, the 
i always positive, but it varies in intensity with the height of 
id with the time of day. The intensity is greatest in the 
and most isolated places, No trace of positive electricity is found 
Streets, or under trees; in towns positive electricity is most 
ible in large open spaces, on quays, or on bridges. In all cases, 
electricity is only found at a certain height above the ground. 
Tandy Ivonly becomes perceptible at a height of § feet ; Seated 
it increases according to a law which is not made out, but which 
‘cers to depend on the hygrometric state of the air. 
At sunrise the frec positive clectricity is feeble ; it increases up to 
i delock, according to the season, and then attains its Grst maximum, 
then decreases rapidly until a little before sunset, and then increases 
ie um, a few hours after sunset; the rey 
it the olectricity decreases until sunrise, Thus the © 
= amount cata | is observed when the barometric pressure 


th 
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is greatest. These increasing and decreasing periods, which are ob 
served all the year, are more perceptible when the sky is clearer, and the 
weather more settled. The positive electricity of fine weather is much 
stronger in winter than in summer, 

In foggy weather the electricity of the air is more strongly positive 
than at other times. When the sky is clouded, the electricity is some- 
times positive and sometimes negative. It often happens that the 
electricity changes its sign several times in the course of the day, owing 
to the passage of an electrified cloud. During storms, and when it ralnt 
or. snows, the atmosphere may be positively electrified one day, aud 


negatively the next, and the numr te two sets of days are virtually 
equal. 

‘The electricity of the ground h found by Peltier to be alway) 
negative, but to different extents,’ g to the hygrometric state and 
temperature of the air. 

895. Causes of the atmosphe rteity.—Many hypotheses hare 
been propounded to explain thy Of the atmospheric electricity. 
Some have ascribed it to the fri cair against the ground, some 
to the vegetation of plants, or te oration of water. Some, agnit, 


have compared the earth to a vast voitarc pile, and others to a thermo 
electrical apparatus. Many of these causes may, in fact, concur in pro- 
ducing the phenomena. 

Volta first showed that the evaporation of water produced electricity. 
Pouillet and others have subsequently shown that no electricity is pro- 
duced by the evaporation of distilled water; but if an alkali or a saltis 
dissolved, even in small quantity, the vapour is positively and the solution 
is negatively electrified. ‘The reverse is the case if the water contains 
acid. Hence it has been assumed that as the waters which exist on the 
surface of the earth and on the sea always contain salt dissolved, the 
vapours disengaged ought to be positively and the earth negatively elec- 
trified. 

‘The development of electricity by evaporation may be observed by 
heating strongly a platinum dish, adding to it a small quantity of liquid, 
and placing it on the upper plate of the condensing electroscope (fig. 563), 
taking care to connect the lower plate with the ground. When the 
water of the capsule is evaporated, the connexion with tbe ground is 
broken, and the upper plate raised. The gold leaves then diverge if the 
water contained salts, but remain quiescent if the water was pure. 

Reasoning from this experiment, Pouillet has ascribed the development 
of clectricity by evaporation to the separation of particles of water from 
the substances dissolved ; but Reich and Reiss have shown that the elec- 
tricity disengaged during evaporation could be attributed to the friction 
which the particles of water carried away in the current of vapour exercise 
against the sides of the vessel, just as in Armstrong's electrical machine. 
By a recent series of experiments, Gaugain has arrived at the same result ; 
and thinks it no longer allowable to ascribe the atmospheric electricity 
to any changes that take place during the tranqui. evaporation of sea 
water. 3 





‘excess of the opposite ree ig to the nature: 
‘the salts or other compounds which the water held dissolved. 


fact which, according to M, Becquerel, is liable 10 no ex= 


nted with an ordinary multiplier, the wire of which: 
was connected with two platinum plates immersed in the pieces of ground, 
Pe tsctatar whose electrical condition he wished to investigate. He 
found that when two moist pieces of ground are connected, thar 
“which contained the strongest solution took an excess of positive elec- 
- He found that in the neighbourhood of a river, even at some 
distance, the land and objects placed on the surface possessed an. cet 
‘of negative electricity, while the water and the aquatic plants which 
fram on the surface were charged with positive electricity, But accord- 
ing to the nature of the substances dissolved in the water, different effects 
were produced. As from Becquerel’s experiments, the waters are some~ 
times positive and sometimes negative, and the earth in a contrary con~ 
dition, it follows that water in evaporating must constantly send into the 
re an excess of positive or negative electricity, while the earth, 
by the vapours disengaged on its surface, allows an excess of the contrary 
electricity to ecape. Now this excess of electricity ought necessarily to 
influence the distribution of the electricity in the atmosphere, and may 
serve to explain how it is that the clouds are sometimes positively and 
sometimes negatively clectrified. 
896. Btectrietty of clouds,—In general the clouds are all electrified, 
sometimes ively and sometimes negatively, and only differ in thetr 
or less tension. ‘fhe formation of positive clouds is usually 
‘ascribed to the vapours which are disengaged from the ground, and con 
dense in the higher regions. Negative clouds are supposed to result from 
‘which, by their contact with the ground, become charged with nega 
tive Mid, which they retain on rising into the atmosphere; ar that, 
‘separated from the ground by layers of moist air, they have been nega- 


“ively electrified by induction from the positive clouds, which have re- 


wan into the ground positive electricity. 
807, XAghtning.—This, as is well known, is the daztling light emitted 
By the electric epark when it shoots from clouds charged with electrielty, 
Haske the lower regions of the atmosphere the light is white, but in the 
higher regions, where the air is more rarefied, it takes a violet tint; as 
does the spark of the electrical machine in a rarefied medium (724), 

‘The flashes of lightning are sometimes several leagues in leagth; they 
generally pass through the atmosphere in a sigeag direction: a phenome- 
ion ascribed to the resistance offered by the air condensed by the 
of astrong discharge. The spark then diverges from a right line, and 
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takes the direction of least resistance, fe varus electricity passes a 
straight Tine. 

Several kinds of lightning @zshes may be distinguinhes!—r. 
flashes, which move with extreme velocity im the fem af a 
with sbarp outlines, and which entirely resemble the 
trical machine; 2. the fackes which, imstead of being Ginear, like 


3 


HG 
ents 


: 
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preceding, fill the entire horizon withoot inaving amy destiner shape. This 
kind, which is most frequent, appears te be produced im the clined inself, 
and to illuminate the mass. According to Kamdt the number of sheet 
discharges are to the zigzag discharees as frost spectren 
observations it would appear former are beast discharge 
between clouds, while the lattes 1 cheetrical discharges between 
the clouds and the earth. Anott is called deat Aigdtming, becuse 
it illuminates the summer nigh bt the presence of any clouds 
above the horizon, and without  anysound The mou pril 
able of the many hypotheses wh! bees proposed to account for its 
origin, is that which supposes it st of ordinasy lightning flashes, 
whieh strike across the clouds 1 distances thar the o 
thunder cannot reach the ear of ter. “There is further the verr 


unusual phenomenon of yobe lightning, or the flashes which appear in the 
form of globes of fire. ‘These, which are sometimes visible for as much 
ay ten seconds, descend from the clouds to the earth with such slowne» 
that the cye can follow them. They often rebound on reaching the ground; 
at other times they burst and explode with a noise like that of the report 
of many cannon, 

the duration of the light of the first three kinds does not amount to2 
thousandth of a second, as has been determined by Mr. Wheatstone by 
means of a rotating wheel, which was turned so rapidly that the spokes 
were invisible : on illuminating it by the lightning flash, its duration was 
so short that, whatever the velocity of rotation of the wheel, it appeared 
quite stationary ; that is, its displacement is not perceptible during the 
time the lightning exists. 

X98. Thander.—The ¢iunder is the violent report which succeeds 
lightning in stormy weather. The lightning and the thunder are always 
simultancous, but an interval of several seconds is always obsened 
between these two phenomena, which arises from the fact that soutd 
only travels at the rate of about 1,100 feet in a second (216), while the 
passage of light is almost instantaneous. Hence an observer will on 
hear the noise of thunder five or six seconds, for instance, after the 
lightning, according as the distance of the thunder-cloud is five or si 
times 1,100 feet. The noise of thunder arises from the disturbance which 
the electric discharge produces in the air, and which may be witnessed 
in Kinnersley’s thermometer. Near the place where the lightning strikes. 
the sound is dry and of short duration. Ata greater distance a series 
of reports are heard in rapid succession. At a still greater distance the 
noise, feeble at the commencement, changes into a prolonged rolling sound 
of varying intensity. If the lightning is at a greater distance than 14 or 
15 miles, it is no longer heard, for sound is more imperfectly propagated 
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than through solid bodies; hence, there are lightning 
pei without thunder; these occur at times when the sky is cloud~ 
‘Tess. 


* Some attribute the noise of the rolling of thunder to the reflection of 
sound from the ground and from the clouds, Others have considered 
the lightning not as a single discharge, but as a series of discharges, 
éach of which gives rise to a particular sound. But as these partial 
discharges proceed from points at different distances, and from zones of 
unequal density, it follows not only that they reach the ear of the observer 
successively, but that they bring sounds of unequal density,which occasion 
the duration and inequality of the rolling. The phenomenon has finally 
been ascribed to the zigzags of lightning themselves, assuming that the air 
at each salicnt angle is at its greatest compression, which would product 
the unequal Intensity of the sound. 

899. Mifects of lightning.—The lightning discharge is the electric 
discharge which strikes between a thunder-cloud and the ground, The 
latter, by the induction from the electricity of the cloud, becomes charged 
‘with contrary electricity ; and when the tendency of the two electricities 
fo combine exceeds the resistance of the air, the spark passes, which is 
often expressed by saying that a thunder-bolt has fallen, Lightning in 

strikes from above, but ascending dightning is alsa sometimes 
observed ; probably this is the case when the clouds being negatively the 
earth is positively electrified, for all experiments show that at the ordinary 
pressure the positive fluid passes through the atmosphere more easily 
than negative electricity. 

From the first law of electrical attraction, the discharge ought to fall 
first on the nearest and best-conducting objects, and, In fact, trees, 
elevated buildings, metals, are more particularly struck by the discharge. 
fence it is imprudent to stand under trees in stormy weather, especially 
if they are good conductors, such as oaks and clms, But the danger is 
tid not to be the same under resinous trees, such as pines, for they con 
duct less well. 

‘The effects of lightning are very varied, and of the same kind as those 
of batteries (720), but of far greater intensity. The lightning discharge 
kills men and anitnuls, inflames combustible matters, melts metals, breaks 
bad conductors in pieces, When it penetrates the ground it melts the 
Siliceous substance in its way, and thus produces in the direction of the 

those remarkable vitrified tubes called fir/gwrrtes, some of which 
fare as much as r2 yards in length. When it strikes bars of iron, it mag- 
Hetises them, and often inverts the poles of compass needles, 

After the passage of lightning, a highly peculiar odour is generatly 
produced, like that perceived in a room in which an electrical machine 
is being worked. This odour was first attributed to the formation of an 
‘axygenised compound, to which the name esone was given: but Schtinbein, 
in #840, has shown that ozone is a peculiar allotrophic modification of 
oxygen. 

900, Retura shock.—This is a violent and sometimes fatal shock 
which men and animals experience, even when at a great distance from 
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=} wer height. The tension is then greatest on the highest bodies, 
are therefore most exposed to the electric discharge; but if these 

‘are provided with metallic points, like the rods of the 

¢ fluid, withdrawn from the soil by the influence of the 

into the atmosphere, and neutralises the positive fluid of the 
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ground, and the lightning strikes; but the conductor receives | 
:, in consequence of its greater conductivity, and the edifice is 


‘Experiment has shown that, approximately, a lightning conductor 
tects a circular space around it, the radius of which is dowble its | 
ht. Thus, a building, 64 yards in length, would be preserved by two 

ods 8 yards in height, at a distance of 32 yards. 

conductor, to be efficient, aught to satisfy the folowing conditions. 

the rod ought to be so large as not to be melted i scharge passes 

i, it ought to terminate in a point to give readier issue to the electricity 

a ed from the ground, hence the rod is usually provided with a 

point of platinum or of gilt copper; iil. the conductor must be continuous 

omethe point to the ground, and the connexion between the red and 
the ground must be as intimate as possible | iv. if the building which is 

provided with a lightning conductor contains metallic surfaces of any 

“extent, such as zinc roofs, metal gutters, or iron work, these ought to be 

onnected with the conducter, If the last two conditions are not fal- 

filled, there is great danger of Jateral ditchunyes } that is to say, thatthe 
discharge takes place between the conductor and the edifice, and then it 

‘only increases the danger. 

902, Ratnbow.—The raindow is a jominous meteor which appears in 

‘the clouds opposite the sun when they are resolved into rain It consists 

‘of seven concentric arcs, preseating successively the colours of the solar 

spectrum. Sometimes only a single bow is perceived, but there are 

wsually two; a lower one, the colours of which are very bright, and.an 
external or iecainfary one, which is paler, and in which the order of the 
colours is reversed. In the interior rainbow the red is the highest 

‘colour ; in the other rainbow the violet is. It ty seldom that three bows: 

fare seen ; theoretically a greater number may exist, but thelr colours are 

so fecble that they art not perceptible. 

‘The phenomenon of the rainbow is produced by the decomposition of 

the white light of the sun when it passes into the fe and by its reflec 

tion from theirinside face, 1a fact, the same phenomenon is witnessed in 

dewdrops and in jets of water; in short, wherever solar light passes into 

| drops of water under a certain angle. 

‘The appearance and the extent of the rainbow depend on the position 
|” of the observer, and on the height of the sun above the horizon; hence 
‘only some of the rays refracted by the rain drops, and reflected in their 


eps to the eye of the spectator, are ad 
Th ose which do so are ealled off 


emerges from tin fate Sp Sea partis reflected 
surface, and sri ce At this point the light: 


Wally reflected, the emerges ina ieee 





with the incident ray, Sa, an angle, called the 
such rays as yO, proceeding from the side neat 
duce on the retina the sensation of colours, provided the 
ciently intense. 

It can be shown mathematically that in the case of a euriass 
which impinge on the same drop, and only undengo a E 
{nterior, the angle of deviation increases from the ray” Sn for 
zero, up to a certain limit, beyond which it decreases, 
Timit rays passing parallel into a drop of rain, also emerge parall 
this paral a beam of light is produced sufficiently intense 
the retina ; these are the mys which emerge and are 

As the different colours which compose white light are & 
frangible, the maximum angle of deviation {s not the same 
red rays the angle of deviation corresponding to the active 
and for violet rays it is 49? 17’ Hence, for all drops placed 
proceeding from the sun to the drop make, with those 
the drop to the eye, an angle of 42° 2%, this organ will 
Sation of red light ; this will be the case with all drops 
circumference of the base of a cone, the summit of wl 
eye; the axis of this cone is parallel to the sun's 
formed by the two opposed generating lines is $4° 4% 
formation of the red band in the rainbo) angle 
case of the violet band Is 80° 34’. 
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3 Aurora Borealis, 
| ‘The cones corresponding to cach band have a common axis called the: 
wisnal axis. As this right line is parallel to the rays of the sun, it follows 
‘that when this axis is on the horizon, the visual axis is itself horizontal, 
and the rainbow appears as a semicircle. If the sun rises, the visual axis 
sinks, and with it the rainbow. Lastly, when the sun is ata height of 
42° 2, the are disappears entirely below the horizon. Hence, the phe- 
ering of the rainbow never takes place except in the morning and 


batted has been said refers to the interior arc, The secondary bow is 
formed hy rays which have undergone two reflections, as shown by the 
ray S’f dfeO, in the drop ~. The angle S’1O formed by the emergent 
fand incident ray is called the angle of deviation, This angle is no longer 
susceptible of a maximum, but of a minimum, which varies for each kind 
of rays, and (o whieh also eflicient rays.¢ correspond, It is calculated that 
‘the minimum angle for violet rays is 54° 7’, and for red rays only 50” 577; 
hence it is that the red bow is here on the inside, and the violet arc on 
the outside, There is a loss of light for every internal reflection in the 

-of rain, and, therefore, the colours of the secondary bow are always 
than those of the internal one. The secondary bow ceases to be 
visible when the sun is 54° above the horizon. 

‘The moon sometimes produces rainbows like the sun, but they are 
very pale. 

903. Aurora borealis —The aurora doreafis, or northern light, or 
properly polar arora, is aremarkable luminous phenomenon which 

i fegenty seen in the atmosphere at the two terrestrial poles, The 

ing isa description of an aurora borealis observed at Bossckop, in 
Lapland, lat. 70%, in the winter of 1838-1839. 

In theevening, between and 8 o'clock, the upper part of the fog 
‘which usually prevails to the north of Bossekop became coloured. This 
Hight became more regular, and formed an indistinct arc of a pale yellow, 
with its concave side turned towards the earth, while its summit was in 
‘the magnetic meridian. 

Blackish rays soon separated the luminous parts of the arc. Luminous 
rays formed, becoming alternately rapidly and slowly longer and shorter, 
their lustre suddenly. increasing and diminishing, The bottom of these 
rays always showed the brightest light, and formed a more or less regular 
arc. ‘The length of the rays was very variable, but they always con- 
verged towards the same point of the horizon, which was in the prolon- 
gation of the north end of the dipping needle ; sometimes the rays were 
prolonged as far as their point of meeting, and thus appeured like a frag 
‘ment of an immense cupola, 

‘The arc continued to rise in an undulatory motion towards the zenith. 

one of its feet or even both left the horizon; the folds became 
more distinct and more numerous; the are was now nothing more than a 
Jong band of rays convoluted in very graceful shapes, forming what 
called the boreal crown, The lustre of the rays varied suddenly in-in- 
tensity, and attained that of stars of the first magnitude ; the rays darted 
with rapidity, the curves formed. and reformed like the folds of a serpent 
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(fig. 745), the base wns red, the middle greco, while the remainder re- 
tained its bright yellow colour. Lastly,the lustre dininished, the exduay | 
disappeared : everything became feebler or suddenly went cet 





Fig. 165. ~ 


A French scientific commission to the North observed 156 aurect 
boreales in zoo days; it appears that at the poles, nights without an eure 
borealis are quite exceptional, so that it may be assumed that they take 
place every night, though with vatying intensity. ‘They are visible at ® 
considerable distance from the poles, and over an imménse area. Same 
times the same aurora borealis has been seen at the same time at Moscu¥ 
Warsaw, Rome, and Cadiz, 

Numerous hypotheses have been devised to account for the autere 
boreales. The constant direction of their are as regards the magnetic 
meridian, and their action on the magnetic needle (650), show that they 
ought to be attributed to electric currents in the higher regions of the 
atmosphere. This hypothesis | confirmed by the elrcumstance obsertet 
in France and other countries on Adigust 29 and September t, 1869, that 
two brilliant adrotee boreales acted powerfally om the wires of the Seetrc 
telegraph ; the alarums were for a long time Violently rung, and despatches 
were frequently interrupted by the spontaneous abnormal working of the 
apparatus. 

; The spectrum of the aurora borealis has been found by Vogel to consist 
of five lines in the green, and of an indistinct line in the blue ; to which | 
must be added a red line duc to the red protuberances; these linc are | 
the same as those of nitrogen greatly rarefied and at a low 

According to M. de 1a Rive the aurorm boreales are due toelecteic dite 
charges which take place in polar regions between the positive 
of the atmosphere and the nogative electricity of the terrestrial globe; 
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electr which themselvesare separated by theaction of the sun, prin») 
jee the equatorial regions. 
‘Tho occurrence of irregular currents of electricity which manifest thea 
eae ‘by abnormal disturbances of telegraphic communications is not in- . 
| frequents such currents have received the name of earth currents, Sabine 
has found that these magnetic disturbances are due to a peculiar action of 


the sun, and probably independently of its radiant heat and light. It has. 
alto been ascertained that the aurora borealis as well as earth currents in- 
variably accompany these magnetic disturbances. According to Balfour 
auror and earth currents are to be regarded as secondary cur- — 

‘rents due to small but rapid changes in the earth’s magnetism ; he likens 
(tae to the magnetic core of a Ruhmkorfi’s machine, the 

lower strata of the atmosphere forming the insulator, while the upper and 

wud therefore electrically conducting strata, may be considered as 
Fy ‘secondary coil, 


current is derived from that of the primary current, Thus if the 

‘be correct, the energy of the aurora borealis may in like manner 

the sun ; but until we know more of the connexion between 

‘the sun and terrestrial magnetisin these ideas are to be accepted with some 
reserve. 


‘CLIMATOLOGY. 


| 904. Mean temperature.—The mean daily temperature, or simaply fem 
F Bitaters i is that obtained by adding together 2 hourly observations, and 
‘dividing by 24. A very close approximation to the mean temperature 18 
obtained by taking the mean of the maxima’and minima temperatures of 
_ the day and of the night, which are determined by means of the maxtmam 
| and minimum thermometers. These ought to be protected from the 

solar rays, raised above the ground, and far from all objects which might 
influence them by their radiation. 

‘The temperatures of a month is the tnean of those of 30 days, and the 
temperature of the year is the mean of those of 12 months. Finally, the 
‘temperature of a place js the mean of its arnual temperature, for a great 
‘series of years, ‘The mean temperature of London is 828°C, or 459° F. 
‘The temperatures in all cases are those of the air and not those of the 
ground, 


Causes which modify the tomperature of the air—The 
principal causes which modify the temperature of the aie are the latitude 
‘of a place, its height, the direction of the winds, aud the proximity of 





seas. 

Influence of the latitnde—The influence of the latitude arises from the 
greater or less obliquity of the solar rays, for as the quantity of heat 
absorbed is greater the nearer the rays are to the normal incidence (382), 
tthe heat absorbed decreases from the equator to the poles, for the rays 
‘are then more oblique, This loss is however, in summer, in the tettix 


| 
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great body of water, taking its origin in equatorial regions, flows throu, 
the Gulf of Mexico, from whence it derives its name; passing by 
southern shores of North America, it makes its way in a northwesterly 
direction across the Atlantic, and finally washes the coast of Ireland and 
the north-west of Europe generally. Its temsperature in the Gulf is about 
28° C. (and generally it.is a little more than 5° C,) higher than the rest of 
the ocean on which it floats, owing to its lower specific gravity. To its in- 
fluence is due the milder climate of west Europe as compared with that of 
the opposite coast of America; thus the river Hudson, in the latitude of 
Rome, is frozen over three months in the year, It also causes the polar 
egions to be separated from the coasts of Europe by a girdle of open sea; 
and thus the harbour of Hammerfest is open the year round. Besides its 
influence in thus moderating climate, the Gulf stream is an important help 
to navigators, 

907. Zsothormal Maecs.—When on a map all the points whose tem- 
perature is known to be the same are joined, curves are obtained which 
Humboldt first noticed, and which he called isothermal timer, 1f the tem- 
‘perature of a place only varied with the obliquity of the sun’s rays, thatis, 
with the latitude, isothermal lines would all be parallel to the equator ; but 
#8 the temperature is influenced by many local causes, especially by the 
height, the isothermal lines are always more or less curved. On the sea, 
however, they are almost parallel. A distinction is made between sso/her— 
gal lines, isotheral lines, and isechimenal lines, where the mean gevieral, 
the mean summer, and the mean winter temperatures are respectively con- 
stant. An frothermad zone is the space comprised between two isothermal 
Fines. Kupffer also distinguishes {sogeothernvic Lines where the mean tem- 
perature of the soil is constant. 

908. Climate,—Ly the climate of a place is understood the whole ofthe 
meteorological conditions to which a placeis subjected ; its mean annual 
temperatore, summer and winter temperatures, and by the extremes within 
which these are comprised. Some writers distinguish seven classes of 
climates, according to their mean annual temperature ; a Aet climate from 
2g 5’ wo 25° C.; a warm climate from 25° t020° C, ; a mile climate from 
20% to 15°; a Lemperate climate from 15°10 10? C.; a cold climate fromm 
IP to 3°; 0 very cold climate from 5to zero 5 and an arctic climate where 
the temperature is below zero. 

‘Those climates, again, are classed as constant «fimates, where the dif- 
ference between the mean and summer and winter temperature does pot 
exceed 6° to 8° ; wariad/e climates, where the difference amounts to from 
46° to 20° ; and extreme climates, where the difference is greater than 30%. 
‘The climates of Paris and London are variable ; those of Pekin and New 
York are extreme. Island climates are generally little variable, as the 
‘temperature of the sea is constant ; and hence the distinction between land 
and sea climates, Marine climates are characterised by the fact that the 
difference between the temperature of summer and winter is always less 
than in the case of continental climates. But the temperature is by 
‘no means the only character which influences climates ; there are, in 
addition, the humidity of the air, the quantity and frequency of the rains, 3 
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‘the number of storms, the direction and intensity of the winds, and 
nature of the soil. 

909. Distribution of temperature on the surface of the globe,— 
temperature of the air on the surface of the globe decreases from tt 
equator to the poles ; but it is subject to perturbing causes 56 
and so purely local, that its decrease cannot be expressed by any law, I 
has hitherto not been possible to do more than obtain by numerous dem 
vations the mean temperature of each place, or the maximum and wiinimat 
temperatures, The following table gives a general idea of the distributhe 
of heat in the northern hemisphere:— 











Mean temperaturi ferent latitudes, 

Ayssinia =. yr . @ eG 
Calcutta . . » 285 Sa etal Lat 
Jamaica 5. 26 . oo Tee 
Senegal =... 246 : > Oe 
Rio de Janeiro, . . 23 re le 
Cairo - 6 ek RH nan 93 
Constantine. 172 a 
Naples. . 16 Moscow 34 
Mexico =. =, 16% St. Petersburg 2 3s § 
Marseilles < aer thad =, 10 
Constantinople, 137 land Se Ee 
Pel 127 Melville Island , 0. 187 









These are mean temperatures. The highest temp 
been observed on the surface of the globe is 47"4° at Esne, in Egypt, a 
the lowest is — 56°7 at Fort Reliance, in North America ; which gi 
difference of 104:1° between the extreme temperatures observed on the 
surface of the globe. 

The highest temperature observed at Paris was 38:4° on July 8, 1793, 
and the lowest —23°5 on December 26, 1798. The highest observed at 
Greenwich was 35° C. in 1808, and the lowest —20° C. in 1838. 

* No arctic voyagers have succeeded in reaching the poles, in consequence 
of these seas being completely frozen, and hence the temperature is not 
known. In our hemisphere the existence of a single glacial pole, that is, 
a place where there was the maximum cold, has been long assumed 
But the bendings which the isothermal lines present in the northem 
hemisphere have shown that in this hemisphere there are two cold poles, 
one in Asia, to the north of Gulf Taymour, and the other in America, 
north of Barrow’s Straits, about 15° from the earth's north pole. The 
mean temperature of the first of these poles has been estimated at 
17°, and that of the second at —19° With respect to the austral 
hemispheres, the observations are not sufficiently numerous to tell 
whether there are one or two poles of greatest cold, or to determine theit 
position. 








perature of the sca under the torrid sone is always about 26% 

‘to 27° at the surface ; it diminishes as the depth increases, and in tempe> 

| rate-as well as in tropical regions the tempemture of the sea at groat 
_ depths Is between 2°5° and 3°". This temperature of the lower layers is. 
caused by submarine currents which carry the cold water of the polar 
‘peas towards the equator. 


‘The variations in the temperature of lakes are more considerable; their 
| surface, which becomes frozen in winter, may become heated to 20° or 25” 


in summer. The temperature of the bottom, on the contrary, is virtually 


|, which is that of the maximum density of water. 
Springs which arise from rain water which has penetrated into the 
crust of the globe to a grewter or less depth necessarily tend to.assume 

| the temperature of the terrestrial layers which they traverse. Hence — 
when they reach the surface their temperature depends on the depth 
which they have attained. If this depth is that of the layer of invari. 

| able temperature, the springs have a temperature of 10" or 11° in this 

| Country, for this is the temperature of this layer, or about the mean 
annual temperature. If the springs are not very copious, their tempera~ 
‘ture is raised in summer and cooled in winter, by that of the layers which 
they traverse in passing from the invariable layer to the surface. But jf 
they come from below the layer of invariable temperature, their tempera- 
“ture may considerably exceed the mean temperature of the place, and 
they are then called thermal springs. The following list gives the tem 
perature of some of them : 


ee es : ws'°C, 
: ; p 





Trincheras. : ae 
Great Geyser, in Lecland, at a depth of 66 ft. 124 





From their high temperature they have the property of dissolving 
‘many mineral substances which they traverse in this passage, and hence 
arineral waters. The temperature of mineral waters is not modified — 
‘in general by the abundance of rain or of dryness; but it is by earth 
“quakes, after which they have sometimes been found torise and at others 
to sink. 


| GE, Distribution of land and water.—The distribution of water on 
|the surface of the carth exercises great influence on climate, The area 
‘covered by water is considerably greater than that of the dry land: and 
the distribution is unequal in the two hemispheres. The entire surface 
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403; latent, 315 ; mechanical, equi 
yalent of, 461 ; polarisation of, 628 
produced by absorption and imbibi 
tion, 446; radiated, 372; radian 
379; reflection of, "386; scatters! 
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pad luminous, 725 ; Harris's unit, 
i 
Jet, lateral, 
of, 203 
Joule’s experiment on heat and work, 
461 5 equivalent, 461 





199 + height of, 200 ; form 


ALEIDOPHONE, 576 
Kaleidoscope, 479 

Kamsin, 878 

Kathode, 772 
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Norther light, 903, 
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and boys, 243 ; wave length of, 237 
‘Nut of a screw, 44 
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Oersted’s experiment, 7: 
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Paradox, hydrostatic, 98 
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centre of, 27 
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Pascal's law of equality of pressures, 93; 
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Pedal, 259 
Peltie’s cross, 858 
Pendulum, 51 Application to clocks, 
76 ; ballistic, 76 ; conical, 53 ; com: 


pensation, 295; electrical, 647; grid- 
iron, 295; mercurial, 295 ; length ot 
‘compound, 74 ; verification of, laws 
of, 75 

Penumbra, 467 

Percussion, heat due to. 443 

Periscopic glasses, 580 

Permanent gases, 352 

Persistence of impression on the retina, 
576 

Perturbations, accidental, 643; mag- 
netic, 641, 642 

Phenakistoscope, 576 

Phenomenon, 5 

Phial of four elements, ror 

mnautograph, 267 

Phosphorescence, 586, 587 

Phosphorogenic rays, 526 

Phosphoroscope, 587 

Photo-electric microscope, 557 

Photogenic-apparatus, 557 

Photographs on pape 605 on slbu- 
menised paper and glass, 562 

Photography, 559-562 

Photometers 473, 474 é 
hysical jomena, §; agents, 6; 
Shadows, 467 ie: 


Physics, object of, 1 
Physiological effects of the electric dis- 
=, 720; of the current, 760 ; of 

Ruhmkorfi’s coil, 841 

Piezometer, 92 

Pigment colours, 524 

Pile, voltaic, 739-752 

Pipes, organ, 256 

Pisa, tower of, 64 

Pistol, electric, 729 

Piston of air-pump, 181; rod, 433 

Pitch, concert, 236; of a note, 231; a 
Screw, 44 

Plane, 445 electrical inclined, 703 ; 
wave, 593 

Plants, absorption in, 139 

Plante’s secondary battery, 778 

Plate electrical machine, 692 

Plates, colours of thin, 599 ; vibrations 
of, 262 

Plumb-line, 62 

Plaviometer, 883 

Pneumatic syringe, 143, 443 
oggendorfi’s law, 737 

Point, boiling, 338, 339 
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by the interference of, 611, 
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be ble ‘matter, 6 

Pores, 13 

Porosity, 7, 13 5 application of, 15 

Portative force, 664 

Positive plate, 736 

Positives on glass, 561 

Postal battery, 815 

Potential energy, 58 

Pound, 120;  avoirdupois, 23, 29; 
foot, 56 

Powders, radiation from, 411 

Power of a lever, 40 ; of « microscope, 


545 

Presbytism, 570, 580 

Press, hydraulic, 103 

Pressure, centre of, 97; on a body in a 
liquid, 107 ; atmospheric, £47 5 
amount of, on human body, 152; 
experiment illustrating, 188 5 in- 
fluence on melting point, 313; heat 
Broduced by, 4435, electricity pro- 
luced by, 675 

Pressures, equality of, 935 be 
downward, 94 ; vertical upward, 9: 
independent of form of vessel, 
on the sides of vessels, 97 

Brdvost's theory, 383 

Primary coil, 

Primitive current, 867 

Principal current, 867 

Principle of Archimedes, 108 

Prisms, 500-505 ; Nicols’, 609 ; with 
variable angle, 502 

Problems on expansion of gases, 306 ; 














rales oli, 485 
Protoplasm, 760 

Protul 531 
Pulley, 4 


ump, air, 181; condensing, 187 

| Pears different kinds of, 1935 suction, 
194 suction and force, 195 

Pupil, 563 

Psychrometer, 368 

Pyroelectricity, 676 

Pytheliometer, 444 

Pyrometers, 287 ; electric, 857 


UADRANTAL deviation, 660 
‘Quadrant electrometer, 695 


ADIANT heat, 3793 detection 
and measurement of, 3803 
causes which modify the intensity 
of, 382; Mellon's researches 0 
396; relation of gases and vapours 


to, 

Radiated heat, 372, 379 

Radiating power, 303; identity of ab 
sorbing and radiating, 394; cause 
which modify, &c., 39$ j of gas 


409 

Radiation, cold produced by, 459i 

from powders, 413, of gus 
Tuminous and obscure, 400 ; laws 
381; solar, 444, 

Radiative power, 885 

Rain, 883; clouds, 883; bow, 90a; 
fal, 833 ; gauge, 883 ; secondary 


Ww, 902 
Ramsden’s electrical machine, 692 
Rarefaction in air pump, 1815 0 
Sprengel’s pump, 185 
Ray, incident, 494; luminous, 463; 
ordinary and extraordinary, 592 
Rays, actinic, or Ritteric, 3325 
divergent and convergent, 4853 
frigorific, 390; of heat, 379, 3 
invisible, 397 ; path of, in eye, 566; 
polarised, 611; transmutation of 
thermal, 4or 
Reaction and action, 39 
Reaction machines, 437 
Real volume, 14 ; focus, 


4 
Reiour scale, 278 
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REC 
Receiver of air-pump, 181 
Recomposition of white ight, 521 
Reed instruments, 254 
Reeds, free and beating, 354 
Reffected light, intensity of, 481 
Reflecting power, 391; goniometer, 

4925 stereoscope, 574; telescope, 


549 

Reflection, apparent, of cold, 390; of 
heat, 386: from’ concave inirrors, 
387 5 irregular, 480; laws of, 385; 
esbcan of laws of, 388; in a 
vacuum, 389 5 of light,’ 474-4933 0 
sound, 221 cetant 

Refracting stereoscope, 574 ; telescope, 


Rébsction, 494-499; double, 590; 
Eolarsation by, 601 ; explanation of 
ingle, 589 ; of sound, 22: 
cirstive iniex, of gases. 508; of 
liquids, 507 ; of solids, 500; table 
of, 508 ; indices of media of eye, $64 
Refractory substances, 312 
Refrangibility of light, alteration of, 
83: 
Regelation, 890 
Regnault’s determination of density of 
310; manometer, 172; 
methods of determining the expansion 
of gases, 307 ; of specific heat, 420; 
of tension of aqueous vapour, 329, 
33% 5 hygrometer, 367 
Regulator of the electric light, 767, 
68 


7 
Relay, 815 
‘Remanent magnetism, 810 
Repulsions, magnetic, 651 ; electrical, 
laws of, 677 
Reservoir, common, 670 
Residual charge, 712 
Refidue, electric, 712 
Resinous electricity, 673, 672 
Resistance of a conductor, 759 
Resonance, 222; box, 236 5 globe, 239 
Rest, 18 
Resultant of forces, 32-34 
Retina, 563 ; persistence of impression 
on, $76 
Return shock, 900 
Reversion, method of, 645 
Rheometer, 755 
7 
Rheoscopic hex, 870 
Rheostat, 859 
Rhomb, Fresnel’s, 620 
Rhumbs, 646, 876 





855 
SEC 
Right ascension, 551 
Rime, 887 
Rings, ‘coloured, 615; _ inbiaxial 
crystals, 616; Newton's 599; 


Nobili’s, 781 

Ritchie’s experiment, 394 

Ritteric rays, 401 

Rock salt, head transmitted through, 


404 

Rods, vibrations of, 261 

Roget's vibrating l, 787 

Rose's fusible metal, 314 ; 

Rotating mirror, 731 

Rotation, electrodynamic and electro- 
magnetic, of liquids, 797 

Rotation of the earth, 773 of magnets, 
by currents, 7945 of currents by 
magnets, 795 ; of induced currents 
by magnets, 

Rotatory power of liquids, 625 ; polari- 
sation, 6225 coloration produced by, 
624 

Rousseau’s densimeter, 125 

Roy and Ramsden’s ‘measurement of 
linear expansion, 291 

Rubbers, 692 

Rubidium, 530 

Ranetot s ‘coil, $39 ; effects produced 
by, 84r 4 

Rumford’s photometer, 473 

Rutherford’s thermometers, 286 





ACCHARIMETER, 626 
Saccharometer, 121 

Safety-valve, 103, 3435 tube, 351 

whistle, 432 
tta of meniscus, 158 

Salimeters, 124 

Salts, decomposition of, 773 

Saturation, degree of, 3623 magnetic, 
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of, into one another, 278 
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‘Therceal ects of the coreeu, yee 

‘Thermal rays, transmutation of, 4025 
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‘Thermoerasis, 404 

‘Thermo-electtic battery, S§3 5 couples, 
S5n5. fee 850, 853, + pile, 
996, 852 ; series, 849 

‘Thermo-electricity, 

‘Thermo-clement, $49 

‘Thermometers, 273; diviion of tubes 
in, 2745 filling, 255 1 graduation of, 
276 ; determination of fixed potnts 
of, 2773 scale of, 278 ; displacement 
‘of zero, 279; limits to use of, 2804 
alcobol, 28°; conditions of delicacy 
of, 2825 Kinnersley's, 7283 Lealic’s 
283; Matthiessen’, 284) Heeguet’s, 
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Siemens’ electrical, $66; weight, 
299 ; ait, 305, 306 

‘Thermno-barometer, 244 

‘Thermometer, electric, 726 

‘Thermometry, 272-286 
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Thomson's electrometer, 719 golea 
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‘Thread of a screw, 44 
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Tint, 524; transition, 626 
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Undulatory theory, 463 

Uniaxial crystals, 591 ; doublerefraction 
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Unit jar, Harris's, 717 ; Siemens’, 860; 
thermal, 413 
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in, 381 ; reflection in a, 389; Torri- 
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electrophorus, 691 ; fandamental ex- 
periment, 733 

Voltaic arc, 765 ; couple, 736; cur- 
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‘ALKER'S battery, 746 
‘Water, decomposition of, 118 ; 

‘hammer, 71; hot, heating by, 456; 
level, 104 

Water, maximum density of, 3045 
spouts, 8845 wheels, 205 

‘Watt’s engine, 433 

Wave, condenteh 212; expanded, 
212; lengths, 588 ; plane, 593 
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Wells's theory of dew, BH 
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‘Wiedemann and Franz’s tables of con- 
ductivity, 373 

Wild’s magneto-electrical machine, 836 

Winckler’s cushions, 692 

Windchest, 254 ; instruments, 252, 260 

Winds, causes of, 877; direction and. 
velocity of, 876, 905 ; law of rotation 

, 879; "periodical, regular, and 

variable, 878 

Wines, alcoholic value of, 350 

Wollaston’s battery, 739, 7405 cryo- 
phorus, 345 ; doublet, 537 

‘Wood, conductivity of, 373 

Wood's fusible metal, 314 

Work, 345 measure of, 57 ; of an en- 
gine, 438 ; rate of, 4383 unit of, 57a; 
internal and external, of bodies, 2703 
of a voltaic battery, 764 








‘ARD, British, 22, 120 
‘Young and Fresnel’s experiment, 
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AMBONTS pile, 751 
Zero, absolute, 460 ; aqueous va- 
Pours below, 328; displacement of, 
279 
Zinc, amalgamated, 750 ; carbon bat- 
tery, 745 
Zone, isothermal, 907 








